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KUNDAH POWER HOUSE II. 
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PROJECT: 
| Leonard Electric, 43 RB, 37 RB 
rels etc. 
ECT: 
3B Diesel Draglines etc. 
VALLEY CORPORATION : 
| with Ward Leonard Electric 
Dwing «king Draglines, 54 RB 54 B Diese 
Draglines, 27 RT Blast Hole Drills etc. 
MOR CANAL PROJECT : 
10 RB, 19 RB, 33 RB Diesel Shovels, 
Draglines, Clamshelts etc, 
HIRAKUD PROJECT: 
5w. Diesel Walking Oraglines, 54 RP 
Diesel Shovels etc. 
MACHKUND HYDEL PROJEdT : 
38 RB Diesel Shovels, Draglines etc. 
 NAGARJUNSAGAR CANALS ; ~ 
22 RB Diesel Tunnel Shovels. © 


PERIYAR HYDRO ELECTRIC PROJECT: . _~ 







22 RB and 38 RB Heavy Duty O'esel , 

Shovels, Cranes etc. ‘ah. 

_AUNGABHADRA HYDEL PROJECT: = -". 

35 RB Diesel Shovels, Draglines, =, °\\ 

27 RT Diesel Blast hole Grills etc. x ~ 

°° MARE PROJECT : .. : 

. =5 19, RB Diesel Shovels, Draglines etc. is 

eS SS novi PROJECT 296 : 

ole ee ' gt ee Y 6 ~*~ 419 RB. Heavy Duty Diesel Tunnel Shovels. 
POD fob CRIN TE ONE GOONS Nelanina memes Pibsecr: : 
Vat? ie i ¢ ‘ab UO See “ts > <— netenty Diesel Shovels, Draglines etc.. . 
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And many more. A complete list will be provided on request. 
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preteen AND CO. LTD. A trusted name 


Ralli House, 16,Hare Street, Post Box No. 702, Calcutta | 
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Sweep frequency, 
oscillator and level 
tracing receiver 





Time saving 
instruments 


find always an important place in the development, manu- 
facturing and testing of communication networks, because 
the measuring values of level, loss, impedance etc. as a 
function of frequency are reproduced instantaneously on the 
Cathode Ray Tube. Along with other instruments it is 
possible to localise the faults on transmission lines and to 
take routine measurements without interrupting the opera- 
tion of multi-channel carrier telephone circuits. 


Sweep frequency 
measuring equipment 


Echoscope for fault 
location on telephone 
lines 


Contact fault locator 


Coupling meter for 
measurements during 
the operation 


Interchannel level 
measuring set for the 
carrier frequency 
circuits 


SIEMENS & HALSKE AKTIENGESELLSCHAFT 
BERLIN - MUENCHEN 


SOLE REPRESENTATIVES 


SIEMENS ENGINEERING & MANUFACTURING CO. OF INDIA PRIVATE LTD. 


BOMBAY - CALCUTTA - NEW DELHI MADRAS - BANGALORE - AHMEDABAD - VISAKHAPATNAM 
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CONCRETE 








VIBRATION 








it seems only yesterday when concrete vibration of building materials 
was a tedious, slow process involving crude, manual methods. 

Today, quicker more thorough compaction can be achieved by the 
famous Johnson’s Vibrator. As this vibrator is driven by a totally enclosed 
motor or by a petrol engine, it can be used on site anywhere. 

Johnson’s Vibrator is essential for maximum compaction and strength 
in your concrete construction. It is portable, lightweight and 
specially designed to meet Indian requirements. 










Now manufactured in India by KILLICK, NIXON & CO., LTD. 


(A wholls ownea subsidiars of Killick Industries Ltd.) 


Under licence from: C H. JOHNSON (MACHINERY) LTD., ENGLAND 


JOHNSON BOMBAY: 31, Murzban Road, Post Box 109, Bombay | * CatcuTTa: D-2 Gillander 
House, 8 Netaji Subhas Road, Post Box 719, Calcutta-l1 * NEW DELHI: 1OA Gobind 
MODEL IIIA Mansion, Indra Palace Lodge Annexe, “*H" Block, Connaught Circus, Post Box 607 


CONCRETE VIBRATOR 


MADRAS: C/o Post Box 1542 * AHMEDABAD: Relief House, Opp. Jyoti 
Sangh, Relicf Road, Post Box 128 * AGENTS FOR ANDHRA PRADESH: mC 
Glenwel & Co.,.16 Durga Bhavan, Rashtrapathi Road, Secunderabad. 
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KUNDAH 
HYDRO 
ELECTRIC 
PROJECT 


230 K.V. Single Circuit Transmission Line Constructed by 
KAMANI ENGINEERING CORPORATION LTD 


Transmission Line Engineers/Agra Road, Kurla North, Bombay-70O 
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@x*) Unit type, Cast iron clad, 


Low Tensicn SWITCHBOAR DS. a7 











A typical Starter Distribution Board Typical Switchboard incorporating 








incorporating solenoid operated interlocked, high rupturing capacity 
Motor Starters, HRC Fuse Boxes, Switch and Fuse Gear, Busbar 
Busbar Chambers , etc. Chambers, Cable Boxes, etc. 


...now manufactured in India in technical collaboration with 


LAUR. KNUDSEN ELECTRICAL MANUFACTURING CO. LIMITED 


COPENHAGEN, DENMARK 


A complete range of Low Tension Switchboards incorporating 
Switch & Fuse Units, solenoid operated Motor Starters etc. 
can be offered to suit individual requirements. 


JWT-LT. 1005 


LARSEN & TOUBRO LIMITED 


IN SERVICE LIES SUCCESS 


P.O. Box 278, Bombay | 
Also at: Calcutta - Madras - New Delhi - Bangalore + Cochin - Ahmedabad 
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Kilburns 


MINING EQUIPMENT AGENCIES 





PIKROSE 





2 HAULAGES 
. (Electric A. C.) 


Manufactured under licence from M/s. Austin Hopkinson, U.K. 


DRILLING BITS & REAMER SHELLS 


BY PRECISION TOOLS (INDIA) PRIVATE LTD. 
Under licence from Triefus Industries Ltd. U.K. 


Sole Selling Agents in India 







2, Fairlie Place, Caleutta-1. 
meee’ Field Office: DISHERGARH, Dt. Burdwan, W. Bengal. 7 


MBAY MADRAS NEW DELHI 
KANPUR TEZPUR AHMEDABAD 
BANGALORE = $®[NAGPUR SECUNDERABAD 
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KILBURN & CO. PRIVATE LTD. 7 

















SELENIUM 


GenJerCel 


RECTIFIERS 


























Now assembled in India. 
Also Battery Chargers & Rectifier 
equipment for AC/DC conversion; 
Power Packs & Battery Eliminators. 




















Enquiries to 
ELECTRICAL 
ENGINEERING DEPT. 
MARTIN BURN LTD., 


MARTIN BURN HOUSE, 
12 Mission Row, Calcutta } 
































Branches at: 
Delhi Bombay Kanpur 
Agents in South India: 


The Crompton Engineering Co. (Madras) Private Ltd. 
2nd Line Beach, Madras-! 
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WATERPROOFING 
COMPOUND 


a INDISPENSABLE 


for use in concrete under water and 
for heavy load machinery. Also pre- 
vents saltpetre action & dampness 
of the structure. 











rir 


CEMENT RESEARCH CORPORATION PRIVATE LIMITED. 


1S, GOBINDA BANERJEE LANE, CALCUTTA-33, Phone : 46-7057, CABLE: SOURANM’ é 
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GETS MORE WORK FROM 225 HP WITH 
TIMKEN TAPERED ROLLER BEARINGS 


This Allis-Chalmers bulldozer delivers a big push with 
much less power than you’d expect. The engineers 
who designed it specified Timken tapered roller 
bearings to keep friction to a minimum, get the most 
out of its power. 

Designers of construction equipment prefer Timken 
tapered roller bearings because; 1) They practically 
eliminate friction. Their honed surfaces are smooth to 
one millionth of an inch; and 2) The taper enables them 
to take all the loads — up and down and sideways. 
Bearing applications are simpler and less costly with 
Timken bearings. 


Exclusive Industrial and Railway Distributor : 


oe ‘ 
Si f. 








When you buy or build machines, specify Timken 
tapered roller bearings. Use them for replacement too, 
They’re made to last the life of the machine. The 
Timken Roller Bearing Company, Canton, Ohio, 
U.S.A. Cable: “‘TIMROSCO” 


Industry rolls on 


TIMKEN E = 


REGISTERED TRADE. MARK 


tapered roller bearings 





oo" 


manufactured in Australia, Brazil, Canada, England, 
France and U.S.A. 


William Jacks & Company Limited. Bombay . Calcutta . Madras . New Delhi. 
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Highly suitable for use in a wide 
variety of electrical equipment, E.R.W. 
Tubes manufactured by Indian Tube. 


be R. W. can be employed to great advantage 
in Transformers, Condensers, 


Refrigerators and Air-Conditioning 
TU B ES FO R machinery. Close dimensional 

tolerances and a smooth finish are 

ELECTR CA L standard features of E.R.W. Tubes; 
in addition,their great strength 

EQ UW | P M ENT combined with their light weight 

render them eminently suitable 
for electrical appliances. 


























INDIAN TUBE THE INDIAN TUBE COMPANY (1953) LIMITED 


A TATA-STEWARTS AND LLOYDS ENTERPRISE. \T2-4? 
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Building Big Generators for Big Jobs! 





The generator on the right is the second 
largest of its type in the world. It was built 
by Toshiba for installation at Japan’s new 
development project, the Okutadami Power 
Station. It generates 133,000 kVA and was 
designed big to do a big job. For information 
about this or any other type of equipment 
necessary for generating or transmitting electric 


power, be sure to consult Toshiba. 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan. 
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Cable: TOSHIBA TOKYO 
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AHEAD OF SCHEDULE ONCE MORE | 


Durgapur’s 24” Medium Section Mill has beaten the target date and has now 
commenced rolling. It will produce a range of products required for structural 


work and for the railways. 
This is the fourth unit of the Rolling Mill plant at Durgapur Steelworks and the 
fifth and final unit—the Merchant Mill—is also well on the way to completion, 


ISCON 


INDIAN STEELWORKS CONSTRUCTION CO LTD, 


Davy and United Engineering Company Limited. Head Wrightson & Company Ltd. Simon-Carves 
Ltd. The Wellman Smith Owen Eng. Corp. Ltd. The Cementation Company Ltd. Associated 
Electrical Industries (Rugby) Led. The English Electric Co. Ltd. The General Electric Co. Limited, 
Associated Electrical Industries (Manchester) Ltd. Sir Willam Arrol & Company Ltd. Cleveland 
Bridge & Engineering Co. Ltd. Dorman Long (Bridge & Engineering) Ltd. Joseph Parks & Son 
itu. Iscon Cable Group. 
BRITISH COMPANIES WORKING FOR INDIA 3 
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Choose from three sizes of these powerful Loaders 
designed to outproduce and outlive all others— 

1} to 3 cubic yards. 

Finger tip Forward and Reversing, extra high lift 
and cutreach make digging and loading 


easie® sre a 


5 Handling Earth, Stone, 
Coal or Iron Ore there are 


“rib | TA buckets to suit all materials, 
ea i all jobs— YOUR JOB. 















Backed by the Service and Parts Facilities of 


WILLCOX (BUCKWELL- INDIA) PRIVATE LIMITED LARSEN & TOUBRO LIMITED 


Post Box 289, New Delhi » New Colony, Jaipur | Post Box 278, Bombay + Post Box $247, Madras 
TiONeD, 


TRACTORS (INDIA) LIMITED 
Post Box 323, Calcutta » Post Box 66, Lucknow 
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PAPER INSULATED 


POWER CABLES 


For pressures up to 11,000 Volts. 





The Indian Cable Company Ltd. 
9, Hare Street, P. 0. Box 514, Calcutta. 
Representatives in india for BRITISH INSULATED CALLENDER’S CABLES LTD. 
Branches-AHMEDABAD, BANGALORE, BOMBAY, COIMBATORE, JAMSHEDPUR, 


KANPUR, MADRAS, NAGPUR, NEW DELHI AND SECUNDERABAD 
1¢.9 
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Penstocks, pressure shaft linings, 
Substation steel structures 

Gantry and overhead travelling cranes 
Pylons, water gates 





Peo 


Pressure test and Electric Strain Measuring carried out on the manifold of 
the KOYNA POWER STATION (Maharashtra State). Test pressure 1420 psi. 
Diameters 8’6”/2 6’. Thickness 1” 27/32 and 1” 37/64. Weight 40°5 tons. 


GIOVANOLA isin seieio 
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Power Distribution, Rectifier Mining Trans- 
T RA N S w M eR formers and Portable Mining Sub-Stations 


made to Indian or British Standard specifi- 


cations or to suit individual requirements, 
in our new modern factory at Naini. 
4 « > 


THE GENERAL ELECTRIC CO. OF INDIA PRIVATE LIMITED 


Representing : The General Electric Company Limited of England GEC/PIin 











For maximum efficiency — economy — 


rit Standard TFy satteries 


in your Industrial Trucks 


All-round saving on battery costs: Compared to ordinary batteries 
for industrial trucks, STANDARD TPg Traction Batteries offer a higher 
capacity-to-weight ratio, an increased service life up to 100% longer, and a 
saving of up to 10% in battery costs. Write today for full details! 
















































Ram Truck Fork-Lift Truck Battery-powered industrial truck 


eS Standard — India’s best Batteries 


JWT-STB.43 (a) STANDARD BATTERIES LIMITED, Bombay 55 
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. Aa 
mm LEAKAGE | 


INDICATOR 

















RING TYPE 
CURRENT 


TRANSFORMER 









INDICATORS 


Various methods of obtaining 
earth leakage indications on A.C. 
systems with earthed neutral are 
available. Write for full informa- 
tion. 













RELAYS 


Sensitive earth leakage protection is 






provided by instantaneous electro- 






magnetic relays with balanced arma- 






ture and variable settings. 






F erranti 


FERRANTI LTD, HOLLINWOOD . LANCASHIRE .«. ENGLAND 
Indian Distributors : 


BRITISH INSULATED CALLENDER'S CABLES LTD. 
Esplanade House, Waudby Road, Fort, Bombay 


Branches ot: Calcutta, Madras 





Filé 
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Enzineers know better... 










a 
Experienced Engineers have always used NICCO Cables 
and Conductors for their absolute dependability. 







NICCO produces every type of Copper and Aluminium 
Conductors, Rubber, P.V.C. & V.C. Insulated Cables, 
Enamelled, Paper and Cotton Covered Winding Wires ama = 
& Strips, ete. [ 







Made strictly according to oppropriate IS! specific ations Ale J 
wy LL Y om © BF INDIA'S OWN 
WIR Per 4 -1e awe INDIA’S BEST 


NATIONAL INSULATED CABLE CO., OF INDIA LTD. 
NICCO HOUSE, CALCUTTA-! 
































Fabrication and Erection of complete 











Pipework 
installations 


for Steam, Gas, Compressed 
Air, Fuel Oil etc. 


Coils for Refrigeration and other 
industrial uses 





Light Structures of Tubular construction. 





Water Well Casing. 


Pipework installation on Fretz Moon Mill, Indian Tube Company €1953) Limited, Somshedpur. 


STEWARTS AND LLOYDS OF INDIA PRIVATE LIMITED 


WEAD OFFICE: 41, CHOWRINGHEE ROAD PO BOX 270. CALCUTTA WORKS: 39. HIDE ROAD, KIDDERPORE, CALCUTTA { 
TELEPHONE 44-5224 (7lines) and 44-146! TELEPHONE: 45-3515 (3 lines) 


SLF—35/56 : 
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there is a 


DUNLOP 


product 
for every job 








distribution of motive power... 
Water delivery in mills, 
mines and industrial plants... 
Irrigation... High pressure \ Ye 
spraying ... Wherever there Is a =a TW * 

job to be done, » eee i | |. 

| in the home, in the fields, a a3 

or in industry, 2 ss INS 
there is a wide range eS FEF oN 
of Dunlop products 
for use under a variety of 
operating conditions. 


Efficient transmission and 
' 
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THE DUNLOP RUBBER CO. (INDIA) LTD. pemethe pense 


BRAIDED HOSE 


ORAC-288 
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K UN DAH 


MONUMENT TO INDO-CANADIAN CO-OPERATION 


On the occasion of the inauguration of Kundah Power House Number 
Two we send congratulations to the Madras State Electricity Board 


and their Engineering Staff on their outstanding achievement. 


MONTREAL ENGINEERING COMPANY LIMITED 
MONTREAL, CANADA 

















KUNDAH HYDRO-ELECTRIC PROJECT 
SECOND STAGE 
CONSTRUCTIONS _ 
OF 

e MAIN TUNNEL 

e ADIT TUNNELS I &2 

e SURGE SHAFT 

ETC. 

GRAM: 
“HINDNIRMAN_ By 
pHoeas: HIND CONSTRUCTIONS LTD. 
22-7872 ENGINEERS & CONTRACTORS 
22-4582 8, INDIA EXCHANGE PLACE, CALCUTTA-|! 
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New power in industry 


On a 600-acre site at Durgapur, amidst intense 
activity, the scene is being set for yet another 
vitally important contribution to India’s indus- 
trial growth—a contribution made possible 
through the vast technical knowledge of ACC- 
VICKERS-BABCOCK LTD. (A.V.B.), a new 
and powerful industrial group formed by The 
Associated Cement Companies Limited, Vickers 
Limited and Babcock & Wilcox Limited. 


Already, considerable progress has been made 
in erecting this new Industrial Plant. Workshops 
are rapidly taking shape and foundations are 
being prepared for some of the most up-to-date 
machinery in the world. Very soon now the 
A.V.B. Plant will be ready to make its contri- 
bution to Indian- industry, and to help Indian 
engineers overcome some of the difficulties 
which have faced them for so long. 


MODERN EQUIPMENT 


Some of the most up-to-date industrial equip- 
ment of its kind in the world is being installed 
in the new A.V.B. Plant, from the radio-active 
cobalt X-ray equipment capable of X-raying 
steel plates up to a thickness of 6” to the vast 
3,000-ton hydraulic press, the largest in Asia, 
designed to bend steel plates of up to 5” thick- 
ness. The workshops of A.V.B. are thus fully 
equipped to manufacture machinery for the 
cement-making and mining industries, thermal 
power plant and industria! steam-raising equip- 
ment equal to the best in ihe world. 


VITAL ROLES 


THERMAL POWER: A.V.B. have the techni- 
cal knowledge, the men and the machinery to 
participate in the supply of vital plant to be 
installed in Thermal Power Stations throughout 
India. They will make a notable contribution 
towards the target set by the Government for 
erecting boiler plant and thermal power plant 


to the value of Rs 34 crores per year by the 
end of the Third Five Year Plan. 


CEMENT-MAKING MACHINERY 


A.V.B. are already discussing projects which 
will enable them to supply machinery to help 
increase the output of cement for which the 
Government’s target is 13 millon tons per year 
at the end of the Third Five Year Plan. Not 
only will A.V.B. help to meet the exigencies 
of industrial expansion but they will ultimately 
contribute towards the earning of valuable 
foreign exchange through export. 


SITE STRATEGICALLY LOCATED 


A.V.B. have shown considerable foresight in 
the location of Durgapur as their base for ope- 
ration. Close to the now well-known Durgapur 
Steel Project, they are within what is fast deve- 
loping into the industrial heart of India. They 
are within easy reach of India’s coal and gene- 
ral mining centres. The Port of Calcutta is only 
a hundred miles away, a factor which is of 
tremendous advantage for the import of special 
raw materials, 


EFFICIENT STAFF 


The new company has adopted a far-sighted 
policy regarding the housing of the staff at 
Durgapur. Resulting from this the AVB hous- 
ing colony which is situated but a short distance 
from the factory site is one of the finest in 
India. The houses are modern and the colony 
itself will be completely self-contained with its 
own dispensary and its own shops, parks and 
playgrounds. Here will live the workers of the 
A.V.B. group from the man of the shop floor 
to the skilled engineers and advanced techni- 
cians, a team that will keep a close watch on 
this modern plant which will harness such a 
vital and powerful new force to Indian industry. 


...@ Powerful Partnership for Progress 
ACC-VICKERS-BABCOCK LTD. 16, Queen’s Road Estate, Bombay 1 


~ 
CALCUTTA OFFICE: Ilaco House, ! & 3 Brabourne Road, CALCUTTA 1 @ 


WORKS: Durgapur, West BENGAL 


JWT-AVB, 2049 
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Mitltbbe 
7 * CRAFTSMAN BUILT 
Y * SPECIFICALLY DESIGNED FOR THE JOB 
7, * AMPLE COOLING 
7, * FORCED LUBRICATION 
4, * TWO STAGE 
Z, CODE 2S 30 +32 CUBIC FEET/MIN. @ 350 LB./SQ. INCH 


Ys 


NS 
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WS 


\s 


Standard Wilson Two Stage Air Cooled Air Compressor Unit with | L. P 
cylinder and | H. P. cylinder. The cylinders are removable type and are 
provided with ample fins to ensure efficient cooling. The valve cases have 
also ample cooling fins and contain the valve assemblies which are specially 
designed for high efficiency Lubrication ts forced to all bearings and an 
efficient oil filter is fitted to the system The pistons are of specia 
cast tron, ground dead to size, fitted with pressure and scraper rings 


XN 


Z 


Y 


\< 


Y Y 
The ooler is of the Gilled tube type Y Y 
ssgueartszias witwesete | ALEXANDER WILSON (Aberdeen) LTD. 
: : ASHGROVE ROAD ENGINEERING WORKS, ABERDEEN, SCOTLAND 
hes py a Kundah pred aon Seaineaene yy Telephone Aberdeen 43353-4 Telegrams: “‘Compressor’’ Aberdeen Y 
with the arr Rece:ver and auxiliary equipment Yy YG 






WOLF 34" 
GENERAL DUTY DRILL 
TYPE SD4c 





gk oe Se: 
_— 


BENEFITS IN BRIEF 
Switch on—and it is immediately evident that here is a 
tool correctly balanced for fast, high-powered drilling 
penetration of up to }” capacity in steel and 1” in hard wood. 
Full load spindle speed of 475 r.p.m. and a nett weight 


Bench Stand type ES$14 converts to sturdy drill press 
Wolf assures spares and prompt service 


BENEFITS IN FULL 
There's more to the SD4c than we’ve space 
to tell you here. If you would like more information, 
please write for details. 


of only 10 lbs. make the SD4c accurate and effortless in use. 


\ IS EXACT BUT SIMPLE 
_“ ...Power Tools 


efficient, reliable...to cut time, labour 
and minimise effort. Industry demands 
Wolf and that speaks volumes. 








THE FINEST 
ELECTRIC TOOLS 
IN THE WORLD 


Made in India by Ralliwolf Private Ltd. 
Sole Distributors: RALLIS INDIA LIMITED 


16 Hare Street, Calcutta-1 
Bombay - Madras - New Delhi - Kanpur 


Accredited dealers throughout India 
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“IT MAKES LIGHT 
WHERE THERE WAS DARK.” 










| Shop assembly of a five-jet manifold for one of the This remark was made by one of the workers 
two 28,750 h.p. Impulse —— Sor wena mm Be = on the Kundah Hydro-Electrie Project. It is 
ae | _» ME SS =k sal a tribute to the planners of this development, 
s: B2y 8S . em and it was particularly appreciated by the 
j : men at Dominion Engineering, designers and 
manufacturers of the impulse turbines and 
spherical valves installed at both stations. 
Equipment supplied by Dominion Engineer- 
ing includes: 
2 Dominion Impulse Turbines of 28,750 hp 
each — under a head of 1,186 ft. 
4 Dominion Impulse Turbines of 50,000 hp 
each — under a head of 2,470 ft. 
Spherical Shut-Off Valves for each Turbine. 
Manifolds and ancillary equipment. 
Dominion Engineering, one of the most ex- 
perienced manufacturers of hydraulic tur- 
bines and valves, is represented in India by 
Crompton Engineering Co. (Madras) Private 
Ltd., P.O. Box 205, Madras. 











Polishing the runners—at left, a 50,000 h.p. turbine, 
at right, one of the 28,750 h.p. runners. 






ell " $ ae 
Se all 7 a 


t a — 
Shop-testing one of the 2’6” spherical valves for 
Kundah No. 2 at a pressure of 2,140 psi. 





DOMINION ENGINEERING 


| COMPANY LIMITED 








E 
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Tower and Track Structures 
with 3000V DC Overhead 


Traction Equipment in the 
background on the E. Rly. 


SAE 132 kV_ Transmission 
near Burdwan. 


45-1292 
45-4707 


Phones: { 4 
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By far the biggest project to be launched by the 
Madras state to develop its power resources is 
the Kundah project. Already a state with a well- 
developed grid, this new scheme marks yet 
another dynamic chapter in the power history 
of Madras. 


As a means of cutting costs on the new 300-mile 
long, 220-kV transmission line, a new conductor 
design ‘KUN AH’ ACSR was evolved - an impor- 
tant feature of which is its incorporation of fewer 
steel reinforcements. 


To Madras State, Alind has contributed some- 
thing like 70,000 miles of aluminium conductor. 


For the Thudialur- Madurai 110/230 kV singlé 
circuit line Alind’s *KUNDAH’ ACSR will be 
used. 


THE ALUMINIUM INDUSTRIES LIMITED 
-_ Registered Office: Kundara (Kerala) 
py yi} A Plant No. 1: Kundara. Plant No. 2: Hirakud (Orissa) 
aA DY Managing Agents: 
Seshasayee Brothers (Trav.) Private Ltd. 
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INTRODUCTION 


The commissioning of Kundah Power Plant No. 2 following less 
than a year after the commissioning of Plant No. | is striking evi- 
dence of the vigour with which the Madras State Electricity Board 
is expanding its electric generating plant to keep pace with the 
rapidly rising economy of the State. Less than five years ago the 
Kundah Valley below Kundahpalam was a wild and undeveloped 
section of the Nilgiris, accessible-only on foot. Today it has become 
a major source of hydro-electric energy for the Madras Grid. And 
this is not the end—already work has started on Plants 3, 4 and 
5 together with a complex of diversions and storages that will make 
the Kundah region an outstanding example of efficient utilization of 
stream flow. 


Not only have these works in the Kundah Valley been constructed 
quickly, they have also been constructed well—tunnels have been 
driven on time under adverse conditions; penstocks involving the 
latest techniques in the use of high tensile steels have been laid on 
steep hillsides; power station engineering has included the latest 
developments in automation of hydraulic prime movers; and trans- 
mission voltages have been raised to meet rising load requirements. 


It was indeed in the fitness of things that Mr. Gordon Churchill, 
Minister of the Government of Canada, inaugurated the power 
house with an inspiring speech. Kundah truly represents the new 
relationship between two countries belonging to two different conti- 
nents, cultures and levels of economic development—a relationship 
worthy of emulation in this second half of the twentieth century 
which is characterised by the disappearance of colonialism. It thus 
signifies the emergence of the constructive relationship between 
friendly neighbours in this world of interdependence. 


The following contributions give an able exposition of the Kundah 
Power House No. 2, its characteristic features and construction prob- 
lems, as well as of other major aspects of power development in 
Madras State. 
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Messages 


[ am happy to know that the Power House No. II and III Stage 
Works of the Kundah Hydro-Electric Scheme are being inaugurated 
on 18th January 1961. The Kundah Hydro-Electric Project in the 
Nilgiris is the biggest Hydro-Electric Scheme so far undertaken in 
the Madras State and when completed in all its stages, it will be 
a notable landmark in the country’s progress towards prosperity. 
It is a symbol of Indo-Canadian friendship and co-operation. It 
gives me great pleasure on this occasion to send my congratulations 
to all Engineers, Technicians and workers who have been engaged 
on this project in its various stages. 


(Dr.) RAJENDRA PRASAD 
President of India 


Last May when the first power was generated at Kundah I had 
the pleasure of joining with Prime Minister Nehru in congratulatory 
messages to all those responsible for the construction of the Kundah 
hydro-electric project. Today on this occasion which marks the 
inauguration of the second phase of this project I again take great 
pleasure in sending to you the sincere good wishes of the Govern- 
ment and people of Canada. 


Canadians everywhere are immensely proud that under the 
Colombo Plan their country has been able to be part of this vast 
undertaking. This adds yet another chapter to the impressive record 
of co-operation, friendship and understanding which has char- 
acterized the several joint endeavours in which India and Canada 
have been and are presently associated in the Colombo Plan and 
of course in other fields of international co-operation. 


The Kundah project will, I am sure, materially benefit the people 
of South India through increased rural electrification and industria- 
lization in Madras State. In addition the project itself will serve as 
a constant reminder of the common purpose and sense of dedication 
with which members of the Commonwealth are meeting the chal- 
lenges of our time. I am confident that projects of this nature contri- 
bute not only to the effective utilization of your vast resources but 
also make a significant contribution in the field of human relations 
enlisting as they do the peoples of separate nations in joint 
endeavours. 


It is therefore with admiration and affection that I wish you 
continued success in the future development of your country. 


JOHN G. DIEFENBAKER 
Prime Minister of Canada 











Messages 


I am happy to know that the second and third stages of your 
Power House will be inaugurated by Mr. Gordon Churchill, Minister 
for Veterans Affairs, Canada. It is an indication of international 
collaboration for the improvement of the conditions of people in 
the world. I have no doubt that those in the neighbourhood will 
appreciate this great gift. 


(Dr.) S. RADHAKRISHNAN 
Vice-President of India 


I am glad to know that the power house No. II and LI Stage 
Works of the Kundah hydro-electric scheme will be inaugurated 
by Mr. Gordon Churchill, Minister for Veterans Affairs, Govern- 
ment of Canada, on the 18th January 1961. The Government of 
Canada have to be thanked for giving aid to the tune of 25 million 
dollars by way of materials, machinery and technical services. I 
understand that further assistance to the extent of 23 million dollars 
will be available for the HII Stage of the Scheme to be executed 
during the Third Plan. 


We all know that the Kundah hydro-electric scheme is the biggest 
hydro-electric project taken up for execution in this State under 
the Second Five-Year Plan. The Third Stage of the Scheme costing 
about Rs. 23.06 crores envisages the construction of three additional 
power houses, besides the installation of additional generating units 
in power houses Nos. I & II. On completion of III Stage, the total 
installed capacity of the Project will be 420,000 kW. It is good to 
note that the Project will generate about 1800 million units of elec- 
trical energy in a year. It is well known that power supply is 
required not only for domestic consumption but aiso for agricultural 
and industrial purposes. 


All praise is due to our Engineers who are doing good work in 
executing the scheme. I send my best wishes for the success of the 
inauguration function. 


BISNURAM MEDHI 
Governor of Madras 


Messages 


People all over the State are today very much aware of the bene- 
fits of Science. Wherever one goes, be it a small hamlet or a big 
village, one would find people asking for electric power. The agri- 
culturist, the small industrialist, the big industrialist, the housewife, 
all want electric power and more and more of it. That we have taken 
big strides in the development of power and that Kundah represents 
the peak of our achievement in this line so far, thanks to the help 
and co-operation of Canada, are no doubt matters of satisfaction 
and pride. But we have to go a long way before we could satisfy 
the power needs of the people. And for this we have to work with 
redoubled vigour. What we have done at Kundah should spur us 
on to harder work, to mightier achievements. 


K. KAMRAJ 
Chief Minister, Madras State 


The Kundah Hydro-electric project represents a big stage in the 
development of power required for industries and agriculture in 
this State. Our industrial expansion is rapid and the power needs 
for our agriculture are growing. There is, therefore, no rest for our 
engineers and workers. We have to explore other sources of power 
and go ahead with plans for producing more power so that industry 
and agriculture may develop to an extent that would keep everyone 
in our State gainfully employed. 


C. SUBRAMANIAM 
Minister for Finance, 
Government of Madras 
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V. Ramaiah 
Minister for Electricity, 
Government of Madras 


Victory of International Co-operation 


T IS A GREAT PLEASURE AND PRIVILEGE TO WELCOME 

you all to these picturesque surroundings, which 
have become world famous on account of Canada- 
India joint collaboration and has fittingly been named 
by the public as “Ronning Town” after the distin- 
guished High Commissioner of Canada, who is hap- 
pily in our midst. 

This day is an important milestone in the history 
of power development in Madras State. We are near- 
ing completion of the first two stages of our biggest 
hydro power project costing well over Rs. 35 crores. 
The scheme will add about 180 m.W. to the grid. 
This monumental achievement in such short time 
would have never been attained but for the magni- 
ficient contribution of the great country of Canada. 
We have received assistance in the form of machi- 
nery, equipment and technical services to a praise- 
worthy amount of nearly 25 million dollars. Added 
to this the valuable cooperation and the sincere 
earnestness of the Canadian engineering firms in the 
supply of machinery and equipment well ahead of 
schedule has made us create a record in the matter of 
constructing a power project of this nature. Our first 
machine went into generation early last year and 
since then we have been steadily adding to the grid. I 
am extremely happy that Rt. Hon’ble Mr. Gordon 
Churchill, M.P., Government Leader in the House 
of Commons of Canada, Minister of Veterans Affairs 
and Chairman of the Committee of the Queen’s Privy 
Council for Canada on Scientific and Industrial Re- 
search is with us here to formally inaugurate the 
second power house. It is indeed a great honour to 
us that he has come all the way from Canada. We are 
also deeply grateful to him for consenting to inaugu- 
rate the III Stage construction work of this magni- 
ficent project. I am confident his inspiration will make 
us create a still better record. 

During the past four years I have been following 
the progress of the project closely. What struck me 
most in the execution of the project is the tremendous 
cooperation and abundant goodwill of the adminis- 
trative officers, engineers, technicians, erectors and 
welders from Canada. Their mingling with our engi- 
neers and technicians and thousands of workers is 
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Sri. K. Kamaraj, Chief Minister seen addressing the 
Inaugural Function. 


the biggest victory of international cooperation. It is 
this spirit of doing the best and the maximum that has 
enabled all to face the many challenges of the whimsi- 
cal climate and the difficult terrain. The spirit of 
those who have come from Canada have left a per- 
manent impression of friendship. The public of the 
area have named the various camps like Pratt Town, 
Thompson Town and Ross Town after these friends 
from Canada. 

On this occasion I must congratulate the Madras 
State Electricity Board, formed about three and a 
half years ago, on the speedy and excellent progress 
made in our power schemes. And, it is a great plea- 
sure for me to mention on this historical occasion 
the tremendous service done by Sri V. P. Appadurai, 
our Chief Engineer. It is his sense of duty and abun- 
dant interest in the quick development of the State 
that has made us to use the magnificent gift of gene- 
rous Canada most effectively. His team of Engineers 
and workers have risen to the occasion. They are 
respected not only by those in this State but by all 
who have seen them at work. I feel it a pleasure to 
make a special mention of the part played by the 
Chief Construction Engineer and the Superintend- 
ing Engineers. These men with their mature experi- 
ence and deep devotion have been a great source of 


7 











inspiration to the new young engineers who are all 
determined to do their maximum and the best for 
this State. It was always a wonderful sight to watch 
the thousands of men and women participating in 
this gigantic project. Their contribution can never be 
calculated. This once ordinary people of the villages 
are our biggest source of strength for not only the 
III Stage of this project but for all projects to come. 
It is with this solid strength of workers and engineers 
and Canada’s goodwill that we are undertaking the 
final stage of this project. 


It has been our experience that the power demand 
is always far greater than the power actually gene- 
rated. Besides industrial demand, power is utilised 
for agricultural purposes also on a large scale in this 
State, which leads the other States in India, in the 
matter of rural electrification. At present, more than 
one hundred thousand agricultural pumpsets are 
working on power and have contributed in no small 
measure to the additional food production contem- 
plated under the Five Year Plans. It has been recog- 
nised that the future industrial and agricultural deve- 
lopment of this State depends on the availability of 
adequate power. The III Five Year Plan for Madras 
State therefore rightly lays greater emphasis on the 
generation of additional power and its transmission 
and distribution. A provision of about Rs. 100 crores 
has been made for this purpose in this plan which 
figure I feel has to go up during the plan period. 


The installed capacity during the close of the 2nd 
Plan will be 571,000 k.W. But this is far short of 
the actual demand. Towards the end of the III Plan 
period with a large block of power from Neyveli 
Thermal Station we will have 1.5 million killowatts 
of power. But in spite of this phenominal increase we 
will not be able to meet all the demands. It is there- 
fore, my earnest and sincere desire that Government 
of India will always have in their mind our power posi- 
tion and come to our help as they have always been 
good enough to do. We are greatly thankful to the 
Government of India and Planning Commission for 
allowing us to start some of the IIL Plan schemes 
during the IT Plan itself. It is only such realistic atti- 
tude that will help us ward off any crisis. I am always 
grateful to the kind heart of Sri Hathiji and his senior 
colleague. On this memorable happy occasion I feel 
it is my duty to convey our deep sense of grateful- 
ness to the former Finance Minister, Sri T. T. Krish- 
namachari for his abundant interest in the execution 
of the project. 


The people of Nilgiris particularly the small land 
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owners deserve our congratulations for their valuable 
cooperation. I know a number of small owners have 
been displaced and hard hit. Their interest will be 
protected without undue delay. 


I desire to convey my heartiest congratulations to 
the big engineering firms and the smaller contractors 
for their valuable contribution towards the speedy 
completion of the project. 


With these remarks, I once again extend a hearty 
welcome on behalf of the Government and the people 
of Madras, to the Hon’ble Mr. Gordon Churchill, 
Your Excellency Mr. Ronning and other distin- 
guished visitors from Canada. I also welcome our 
esteemed Chief Minister, and the Union Deputy 
Minister for Irrigation & Power, both of whom have 
always evinced a very keen interest in the Kundah 
Project. I also cordially welcome all members of 
Parliament and Legislature and visitors from far and 
near, who are assembled here in such large numbers 
to grace this happy function. 
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Friendly 
Responsibilities in Interdependent World 


EVER BEFORE DID I PRESS A BUTTON AND CAUSED 
N: many things to happen. I have often pressed 
buttons, electrical buttons and nothing has happened. 
You are much smarter over here than we are in 
Canada. This is a grand experience. 

I have been in India just three days and those three 
days have been packed full of pleasurable excitement. 
The welcome which we have received in the State of 
Madras has been marvellous. Everywhere we have 
driven, people have been out to greet us, give us a 
word of welcome and say kindly things about 
Canada. 

I am greatly honoured to have the privilege of being 
here with you today and I bring to you greetings 
from Canada, greetings from our Prime Minister, the 
Rt. Hon’ble John Deifenbaker, who visited India in 
1958 and he has authorised me to convey to you, 
his congratulations on the success of this project and 
his good wishes for the future development of the 
State of Madras and of India. 


The Government of Canada and the Members of 
House of Commons and the Senate and the people of 
Canada generally share in that expression of opinion 
by the Prime Minister. We are deeply interested in 
the things that are going on here and we hope for 
the continued success of your plans for development. 

It is a special honour to be here in the Town of 
Ronuing. I am not at all sure that we would name a 
town in Canada after His Excellency, but you have 
conferred a great honour on him and on Canada also 
in naming this town after him and I am pleased to 
be here visiting this place which he will now rather 
call his own. 

Well, during the days that I have been in India I 
have learnt of the tremendous effort to which India 
has committed itself by adopting a series of five-year 
plans for national development. And I now have a 
deeper appreciation of the noble purpose behind this 
plan—that rural India should be rebuilt and the foun- 
dations of industrial progress laid and opportunities 
for the under-privileged be expanded and all parts 
of the country developed in a balanced way. I have 
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Gordon Churchill 


Minister, Government of Canada 


been heartened to see how these imaginative plans 
are being translated into reality by an enthusiastic 
and dedicated people. And it is only two days ago 
that I had the privilege of talking to your Prime 
Minister when we were at the opening of the Canada- 
India Reactor at Trombay and he was telling me of 
the plans with regard to the rural development of 
India. I was deeply impressed and there is no ques- 
tion of that Mr. Nehru was dedicated to this prob- 
lem of bringing help to all parts of India. He is a 
great leader highly honoured throughout the world 
and highly honoured in Canada. 

The Project which we are inaugurating today cons- 
titutes stages I am II of the overall development 
which is planned for the Kundah River. Plans for the 
completion of Kundah’s development i.e., stage three 
have been drawn up and I understand that when 
these plans are implemented and we have been 
told already that the Kundah’s power output would 
be more than doubled. It is a matter of particular 
satisfaction to me that the Government of Canada 
has now agreed to participate in Stage III of the 
Kundah Development by providing essential equip- 
ment and services representing the foreign exchange 
costs. We have also agreed that most of the local ex- 
penses of Stage III might be defrayed by the use of 
counterpart funds which have accrued in India as a 
result of the provision of Canadian commodities on a 
grant basis. I know that this decision will be wel- 
comed by all Canadians because it will provide us 
with an opportunity to play a further part in this 
vital project and to continue the happy and fruitful 
relationship which has been established at Kundah. 


And His Excellency the Ambassador has been talk- 
ing to me about this project and others and I will 
carry back to Canada a message from India and an 
understanding of the problems that face you here and 
of the need for hydro electric development and when 
a further contribution is made by Canada you will be 
able to attribute to the influence of His Excellency 
the Ambassador. He wants to have another town 
named after him. 


Well, the Kundah Project is part of your develop- 
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Mr. Gordon Churchill inaugurating the Power House II 
& Extension scheme. 


ment plan but is also part of the Colombo Plan. Our 
countries are founding members of the Colombo 
Plan, as a result of which both have achieved much 
through economic co-operation. It was at the Com- 
monwealth meeting held at Colombo in June 1950 
that the idea of the Plan was originated. India was 
represented at that time by Mr. Nehru. The plan has 
proved to be a great act of statesmanship, a great 
instrument of collaboration and the people of Canada 
have felt impelled to devote a fairly substantial por- 
tion of their resources to it and to other economic 
development plans. We co-operate with India in the 
Colombo Plan because we want to help: because the 
earlier that India becomes more prosperous, the 
better off Canadians and Indians will be; and because 
we believe that a strong India will strengthen the 
cause of peace. We recognise, of course, that Cana- 
dian participation is merely an indication of our in- 
terest and friendship; that the major contribution to 
the success of India’s development programme has 
been and must be made by the people of India them- 
selves. And I think you have shown that here in the 
work that you have done during the last few years in 
building up this vast programme, the parts of which I 
hope to see this afternoon. I want to see where you 
have been doing work in building the dams, redirect- 
ing the course of the rivers and erecting the power 
Stations, But you properly can have great pride in 
your achievement here and when you see the power 
lines running across the country you will be able to 
look up at them and say “well, we had some part in 


developing that power and carrying electricity into 
the villages and across the State of Madras”. 

I particularly want to indicate as well we have been 
happy in Canada to make our contribution to India’s 
economic progress, we have done so without any 
conditions attached. Nothing more is desired by 
Canadians than to cooperate with you and with other 
nations in dealing with your economic problems. We 
realise that all friendly countries have responsibilities 
to each other in this interdependent world. We are 
also moved by a realisation that between our two 
countries as fellow members of the Commonwealth 
there is a common appreciation of certain cultural 
values, of democratic parliamentary processes of the 
rule of law and a common dedication to the preser- 
vation of peace. Indeed, our two countries have often 
worked together for these common ideals and I hope 
will continue to work together for them. We have, 
for example, served together on missions of peace in 
Indo-China, in the Middle East and in the Congo. 
The Canadians are pleased to have this opportunity 
to affirm once again in tangible form the friendship 
between our two countries. Two days ago, I handed 
over my country’s assets in the Canada-India atomic 
reactor, the atomic reactor at Trombay near Bombay 
to Prime Minister Nehru and today I have the pri- 
vilege of participating in this ceremony concerning 
the largest Indian project with which Canada has 
ever been associated. 

The idea of developing the power resources of the 
Kundah River and its tributaries has a long history 
but it was not until 1956 that serious construction of 
the project got under way. In the brief span of time 
since that date remarkable progress has been made. 

These Nilgiri Hills which are vastly impressive— 
and may I compliment you on the roads that you 
have constructed in going up these hills. They seem 
to go this way, you know, in a roundabout manner 
and nothing straight; but it is a marvellous piece of 
engineering in road building. And this afternoon, I 
understand that there will be many hairpin bends for 
me to negotiate. Well, these hills constitute a magni- 
ficent and inspiring setting for ‘such a project. At the 
same time their rugged formation and inaccessibility 
has presented a challenge to all concerned with the 
scheme. This challenge has obviously been fully met, 
new roads being pushed through the area, roads and 
cableways have been forced up these precipitous 
slopes, and vast quantities of heavy equipment have 
been delivered intact and on schedule at the work 
site. 

Then, too, the way in which the towering masonry 
dams and power houses of the project and the con- 
necting tunnels beneath these mountains have been 
so quickly and soundly constructed with relatively 
little heavy equipment has been a revelation to many 
of us. I would like to pay tribute to the remakable 
accomplishments of the Indian planners and engi- 
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A view of the visitors at the inaugural function. 


neers associated with the project and to the efficient 
way in which they have marshalled and directed the 
energies of thousands of Indian men and women 
whose toil and efforts at the project have been indis- 
pensable to its success. And I am proud, too, of the 
role which Canada has been able to play in this pro- 
ject by providing over $23 million for such equip- 
ment as the penstocks, the turbines, generators and 
switchgear for the power houses, sluice gates for the 
dams, materials for over 300 miles of transmission 
line leading out from Kundah and advice and coope- 
ration in the installation and erection of these equip- 
ment. These contributions, including the assistance 
which Canadian engineers and technicians have been 
able to provide at the site, have been a matter of great 
satisfaction to all my countrymen. And I would like 
to pay a special word of tribute to the Canadians who 
have worked here with you over the years. I think it 
is a good contribution they have made and they have 
been Canadian Ambassadors to India acting in a role 
which is carried on so effectively by our official 
Ambassador but doing in their way a great thing for 
the friendship between Canada and India. The Cana- 
dian people are grateful to our young Canadian men 
and women who have come here to assist you in this 
development project. 

The Kundah hydro electric project stands as an 
example of cordial collaboration between the people 
of two nations. One of the most rewarding aspects for 
all the Canadians associated with it has been the 
warm and effective relationship which they have 
established with their Indian colleagues and I have 
seen something of their warmth and affection during 
the 2 days that I have been here in this State and the 


Another view of the people gathered in the function. 


opportunity that they have had to experience the 
ways of this great country and to know especially 
this beautiful area of Madras. Well, on behalf of the 
Canadians who work with you here I would take this 
opportunity of expressing their appreciation to their 
Indian hosts and I would mention especially the way 
in which Mr. Appadurai the Chief Engineer for Elec- 
tricity of Madras State and his staff have helped to 
make Canadians feel at home. 

The Kundah project is of course but one of the 
countless development projects which have been 
pushed forward as a part of India’s Five Year Plans, 
but I think that we can all be proud of the vital 
role which Kundah power will play in South India. 
The power which has now been harnessed on this 
river will make a major contribution to the electrifi- 
cation of towns and villages in Madras State and to 
the encouragement of industry and agriculture—mea- 
sures which will carry India a step further in her 
march to sustained growth and a more bountiful future 
for her people. The broad aim of the Third Five Year 
Plan is not only to increase production and attain 
higher levels of living but also to secure a social and 
economic order based on the values of freedom and 
democracy in which justice, social, economic and 
political, shall inform all the institutions of the natio- 
nal life. It is the earnest hope of Canada that this 
remarkable Kundah project will make a worthy con- 
tribution toward the achievement of these noble 
objectives. 

And I now formally hand over this document re- 
presenting the transfer of Canada’s interests in the 
Kundah Project to the State of Madras and the 
Government of India. 
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Chester A. Ronning 


High Commissioner for Canada in India 
8 


Welcome to Ronning Town 


WELCOME YOU ALL TO RONNING TOWN. NEVER HAVE 

I been so overwhelmed by welcome. Never have I 
been given so much prestige and honour as to have a 
Town named for me. 

When I came over the Hills and saw this taber- 
nacle I said to myself I am entering the whale of 
transfiguration. [ hope it does mean much transfigu- 
ration for the life of the people in this area. 

I am very glad too that the authorities here took 
the precaution to erect an arch upon entrance to 
Ronning Town welcoming our Minister from Canada. 
I told him immediately when I saw this “you must 
make yourself perfectly at home” and judging by the 
eloquence of his remarks he certainly did. I hope that 
some day when the suburbs of Ronning Town are 
built, all incorporated into this centre that we might 
rename it “Churchill City.” 

I wondered whether I would be at home as I came 
closer to the centre of this Town, because I saw the 
main edifice had the character of a Hindu Temple 
and having been brought up a Christian I wondered 
whether they are going to change the name of this 
Town. But when I came inside, I saw that it was in 
the form of a Church with all these pillars. So, I felt 
perfectly at home and it occurred to me that this is 
symbolic of the cooperation of the union of two great 
religions and two countries that worked together here, 
Canada and India. 

I am afraid that I have been given entirely too 
much credit for having had any part in the decisions 
that have been made to go ahead with the final stage 
of this great development, There are others who are 
far more responsible than I am for those decisions 
made. One of the persons who has used his influence 
with the Canadian Government to bring about this 
decision is the Director-General of our Aid Pro- 
gramme in Canada, my colleague, formerly Ambas- 
sador to Turkey, later High Commissioner to Pak- 
istan, Mr. Herbert Moran. 

My term of office will end; Mr. Moran will con- 
tinue taking an interest in the development of this 
Project and the other projects under the Colombo 
Plan of Canada. I am very glad that our Minister, 
Mr. Churchill, having seen with his own eyes what 
has been accomplished already in the plains of 





~ Mr. C. A. Ronning seen addressing the gathering. 


Madras and now starting from the bottom, at Ron- 


‘ning Town, he will go up the hairpin turns, which he 


dreads I know, but he is prepared to make that sac- 
rifice to go all way up to the top where we have the 
source of power which Kundah will develop com- 
pletely in the course of the next few years. This is 
the foundation. This is fundamental. You must come 
here first before you can understand the real signi- 
ficance of this whole project. 

Mr. Churchill has conveyed to you the serious 
thoughts and greetings from Canada. I just have one 
thing to do today. That is to congratulate those who 
have been responsible for the development of this 
project up to this point and will continue that res- 
ponsibility; because I have personal contacts. I am 
going to mention the names of only two people: one 
Indian and one Canadian. The Indian I am referring 
to is one whom you all know, the Chief Engineer, Mr. 
Appadurai, who had a vision from the beginning and 
who has carried out that vision into reality. I have 
visited here before and have come into contact with 
his drive—I am glad I don’t work for him—and the 
efficiency with which this whole plan has been car- 
ried out is simply astounding. My own part has been 
even less than that of even any one of the tens of 
thousands of people who have worked to make this 
project possible. 

I was impressed upon my first visit with the skill 

(Continued on page 39) 
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The Madras Grid 


Ep MADRAS POWER GRID COVERS ALL THE DIS- 
tricts of the State and comprises. 

Seven hydro electric power stations 
Pykara 70,200 kW 
Moyar 36,000 kW 
Mettur 40,000 kW 
Papanasam 28,000 kW 
Periyar sea 105,000 kW 
Kundah No. | 40.000 kW 


Kundah No. 2 35,000 kW 


Two thermal power stations 
98,500 kW 
14,000 kW 


4,66.700 kW 


Madras 
Madurai 


14,500 miles of high tension transmission lines of 
voltages varying from 11,000 to 230,000, 21,000 miles 
of low tension distribution lines and 66 EHT and 
68 HT substations and 9484 distribution transformer 
stations. 

The grid is serving electricity to 7.21 lakhs of con- 
sumers, about 80% of them served directly by the 
Board and the ‘rest served through five municipal 
licensees and eight private licensees. 

The aggregate peaks of the systems during the 
year was 460,000 kW while the coincident peak of 
the Grid was nearly 400,000 kW. Power generated 
during last year was about 1903 million units of 
which about 76%, was from water power and the 
balance from coal. The entire power output in the 
State is produced by the Electricity Board. 

The total capital investment to the end of March 
1960 was Rs. 118.88 crores and the annual gross 
revenue during the year 1959-60 is over Rs. 13.24 
crores. 

Second Five Year Plan 

The power schemes of the Madras State included 
in the Second Plan as originally approved by the 
Planning Commission were estimated to cost Rs. 
60.03 crores. It is now expected that the final outlay 
will be around Rs. 71.31 crores forming 38% of the 
total outlay for the State. 
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V. P. Appadurai 
Chief Engineer for Electricity, Madras 


The scheme on completion will more than double 
the installed generating capacity, length of lines and 
the number of towns and villages electrified. The 
table beiow gives the targets for the Second Plan 
under generation, transmission and distribution for 
the Madras State: for purposes of comparison the 
all India targets are also given. 





= ~ 
na S = 
4 Ke s g 
Particulars Ss S 2 gee Et 1. 
= ~ oS 3 as 
< - £28 428 $ £s 
Generation 
Installed generating 
capacity in 1000kW 3400 6800 100 256 571 123 
Units generated in 
millions 11000 22000 100 1055 2500 136 
Transmission 
HT lines-11 kV 
and above 35000 70000 100 7343 15500 112 
Distribution 
No. of villages and 
towns electrified 7400 18000 145 3543 10000 183 





Progress on Plan Works 
Generation : 

The Madras Plant Extensions (III Stage) which 
envisaged the erection of a 30,000 kW set with two 
numbers 150,000 Ibs/hr. boilers were commissioned 
in April 1958. 

The first unit of Periyar Hydro Electric Scheme 
was commissioned in October 1958, the second unit 
in February and the third in May 1959, adding 
105,000 kW installed generating capacity to the Grid. 

The first unit in Plant No. 1 of Kundah Hydro Elec- 
tric Scheme was commissioned in March 1960 in the 
presence of the Prime Minister and the second unit 
was commissioned in June 1960. The first unit in 
Kundah Plant No. 2 is in commercial operation from 
October, 1960. The inauguration of Kundah Power 
House No. 2 has been programmed on 18th January 
1961 by Mr. Gordon Churchill, Minister for Veterans 


(Continued on page 17) 
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V. P. Appadurai 


Chief Engineer for Electricity, Madras 


The Kundah Hydro-Electric 
Project: Kundah Power House Il 


HE RIVER KUNDAH HAS LONG BEEN RECOGNISED AS 
‘Pan of greatest sources of water power in Nilgiris 
ranges of Madras State. Situated in the western catch- 
ments, the river takes shape from its two main tribu- 
taries Emerald and Avalanche which rise amidst the 
group of high peaks Devabatta, Karaikada, Koulin- 
betta and Porthimund all over 8,000 ft. in altitude. 
The river is joined by Sillahalla, Kanarahalla and 
Koulimulihalla streams lower down and then by 
Pegumbahalla stream. Finally this combines with 
Bhavani river at an altitude of 1.340 ft. 

The Kundah Hydro Electric Project is to harness 
the waters of the Kundah river and generate a firm- 
power of 343,000 kW with an installed capacity of 
420,000 kW in two phases utilising a head of over 
5,000 ft. 

The initial phase of this vital development has 
been-undertaken with the Canadian aid under the 
Colombo Plan. The Government of Canada are gene- 
rously contributing 26 million dollars worth of Plant 
and Machinery which includes intake, scourvent and 
spillway gates, low pressure pipe lines, high pressure, 
penstocks, valves, generating machinery, transform- 
ers, structures, circuit breakers and all associated 
materials together with the requirements of 230 kV 
and 110 kV transmission lines. 

This phase of the scheme estimated to cost 
Rs. 3,544 lakhs, was inaugurated by Sri C. D. Desh- 
mukh, Union Finance Minister on 29th June, 1956, 
and the works are in full swing from then onwards. 


Emerald Dam 
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Canada Dam 


This consists of four masonry Dams at Upper 
Bhavani, Avalanche, Emerald and Kundah, eight 
miles of tunnels, viz., Tunnel I, Tunnel II, Intercon- 
necting Tunnel and Upper Bhavani Tunnel, 28,000 
ft. of penstock pipe lines, and two power houses with 
a total installed capacity of 180,000 kW. 

The head works connected with Plant I were com- 
pleted in a record time of a little over 34 years and 
the Power Station I with the first generating unit 
was inaugurated on 25th March, 1960 in the presence 
of our Prime Minister Sri Jawaharlal Nehru. The 
second unit is also in service now. 

The salient features of headworks connected with 
Plant II are given below. 


Kundah Dam 

The tail race water from Kundah Power House I, 
which drains into the Kundah river near the Kundah 
village is supplemented by the Kanarahalla and 
Koulmulihalla streams. This is stored in a small regu- 
lating forebay of capacity 55 m.cft. created by build- 
ing another stone masonry gravity type dam near the 
Kundah village. 

This dam is 500 ft. long, 95 ft. high and 15 ft. wide 
at the top. 

Tunnel II 

The water from the Kundahpalam forebay is taken 
through another tunnel for a distance of about 12,000 
ft. This tunnel has a larger cross section then Tunnel 





Kundah Forebay Dam 
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I and is of horse shoe shape of size 11’ x 11’ with a 
maximum discharge capacity of 1,000 cusecs. 

The tunnel commences with a low pressure pipe (a 
steel line tunnel) of 11’ 3” diameter, for a length of 
about 180 ft. The balance is excavated in rock except 
for a short reach of about 450 ft. where there is not 
sufficient rock cover. In this reach, steel pipes of 
11’ 3” diameter are introduced. The tunnel is lined 
with cement concrete of thickness varying from 8” to 
12”. Where the rock is not very sound, 18” thick 
R.CC. lining is adopted. The end portion of the 
tunnel near the surge tank is again a steel pipe line 
of 11’ 3” diameter for a length of 760 ft. 


Surge Shaft II 


The tunnel II ends in the surge shaft II. The surge 
shaft is sunk in rock and lined with R.C.C. It is 241 
ft. deep with 50 ft. diameter in the earth portion and 
25 ft. in the rocky region. 





Surge shaft Il 


An R.CC. lined tunnel of horse shoe and circular 
shape carries the water from the surge shaft for a 
total length of 750 ft. and a steel pipe line of 10° 9” 
diameter for a length of 60°. 

Penstock II 

The pipe tunnel below surge shaft ends in a mani- 
fold bifurcating into 8’ and 6’ 6” diameter pipes, 
which in turn divides themselves into five penstock 
lines, (the 8’ diameter one into three and 6’ 6” dia- 
meter into two) each feeding an independent machine 
at the Power House No. 2. Each penstock pipe is 
about 5,300 ft. long and has a capacity of 200 cusecs. 

These pipes are made of special grade of high ten- 
sile steel known as U.S.T.L. steel. These steel pipes 
were supplied by M/s. Davie Ship Building Co., of 
Canada. The steel is a low carbon quenched and 
tempered steel with 95,000 Ibs. yield point and 
105,000 Ibs. breaking stress. It has three times the 
yield strength of ordinary steel and four times the 
atmospheric corrosive resistance of carbon steel. The 
diameter of each pipe line is—S7”/51”/45”. The 
thickness of the shell ranges from 5/16” to 13/16”. 
The total weight of steel is about 3034 tons. 
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Power House II and Transformer Yard 


The Power House II is of structural steel frame 
with stone masonry, built to accommodate five gene- 
rator ultimately. It is 302’ 6” long, 80’ wide and 
51’ 9” high above the generator floor. 

The generating machinery consists of four multiple 
jet (3 jets) impulse type vertical turbines rated 50,000 
HP each, at a net head of 2340 ft. Each turbine is 
coupled with 42,000 kVA 0.9 p.f. 3 phase 11 kVA 50 
cycles generator. The water wheels were supplied 
by M/s. Dominion Engineering Co., of Canada. The 
generators are from M/s. Canadian General Electric 
Company of Canada. A fifth generator will be added 
in the third stage extensions works later on. 

The power from Plant II is stepped up to 110 kV 
and 230 kV through four 42,000 kVA 11 kV/110 kV 
and three 50,000 kVA 110 kV/230 kV auto trans- 
formers. The 110 kV Power Transformers and 230 
kV auto transformers were supplied by M/s. Cana- 
dian General Electric Company Limited. 


Transmission System 

The transmission system consisting of 287 miles of 
230 kV single circuit line and 30 miles of 110 kV 
double circuit line will link up the two power houses 
to the existing Madras Grid. ACSR conductor 
(42/0.1376 Al plus 7/0.0764 ST) of 795,000 C.M. 
section has been used for the 230 kV line. For the 
110 kV line, the ACSR conductor of size (6/0.2109 
Al plus 7/.0303 ST) 266,800 C.M. has been made 
use of. Carrier communication and relaying is also 
being provided for the protection of the 230 kV line. 

The 230 kV system has substations at Salem and 
Villivakkam with 2 Nos. 50,000 kVA 230/110 kV 
auto-transformers. The Villivakkam substation also 
has a 25 mVA synchronous condenser to stabilise the 
system. 

Present Progress of Work 
The works connected with Plant II are in fast pro- 


or RN 


— 
Emerald Avalanche Reservoir. 
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Kundah P.H. II. Control Desk Kundah P.H. II 
gress, and the first unit in Plant Il was commissioned 
in October 1960. The second generator is also in ope- 
ration, from December, 1960. Works are in progress 
at the Upper Bhavani Dam and Tunnel sites. The 
initial phase of the scheme is expected to be com- 
pleted in all its aspects by June, 1961, adding a total 
installed capacity of 1,80.000 kW to the State Power 
Grid. 
Further Development 

Below Plant II, there is a further fall of about 
1,712 ft. This drop is also proposed to be utilised 
to develop power in two more power houses with a 
total installed capacity of 1,70,000 kW. Addition of 


. Control Panel. 





Two units in service in Kundah P.H. II. 


one more generator in each of the Power House I 
and Power House II are also proposed under the ex- 
tensions scheme. Besides the above, an auxiliary 
Power House with an installed capacity of 25,000 
kW is also envisaged at the exit of the Upper Bha- 
vani Tunnel. These will go to a great extent to meet 
the ever increasing demand for power in the State. 


Capital Cost & Revenue Return 
The estimated cost of the initial phase of the 
scheme is Rs. 35.44 crores including the transmis- 
sion lines and substations. This is expected to yield 
a return of 4.5°%, from the 10th year of operation. 


(Continued from page 14) 
THR MADRAS GRID 


Affairs, Government of Canada. It is hoped that the 
2nd and 3rd unit in Power House No. 2 will also be 
in Operation before the end of the Plan period. 


Transmission 

Including the transmission lines proposed under 
the Kundah and Periyar Hydro Electric Schemes, an 
additional 8,200 miles of EHT and HT lines and 
12,000 miles of LT lines will be erected during the 
plan period. Of these, 6,400 miles of EHT and HT 
lines and 10,900 miles of LT lines have already been 
erected during the first four years of the Plan period. 
A major stride in respect of transmission during the 
Second Plan period is the first 230 kV line in the 
State from Kundah to Madras recently completed 
which will convey power generated at Kundah to 
Madras a distance of about 300 miles. 


Rural Electrification 

Madras continues to maintain its lead in the mat- 
ter of rural electrification with over 10,200 towns, 
villages and hamlets electrified by 1960. During the 
second plan period, it was proposed to extend elec- 
tricity to 5,000 additional villages. This target was 
exceeded during the fourth year of the plan period 
itself. It is expected that about 6200 villages and 
hamlets will derive the benefits of electricity during 
the Second Plan period. About 32,440 pumpsets were 
working on electricity at the end of the first plan 
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period. Today nearly 109,200 pumpsets are working 
on electricity. 


Conclusion 

The demand for power in the State is widespread 
and insistent. Several new industries are being plan- 
ned all over the State and power for them is to be 
provided from the Grid. — 

To meet the ever increasing demand an ambitious 
programme has been drawn up for implementation in 
the Third Plan period. These schemes estimated to 
cost Rs. 100.19 crores will more than double the ins- 
talled capacity at the end of the Second Plan. Eight 
thousand additional villages in the interior will get 
the benefits apart from 75,000 agricultural pumpsets. 

To day Madras State ranks third in India in gene- 
ration and utilisation of power, Bombay and Bengal 
leading. In respect of utilisation of power for irriga- 
tion purposes we stand first by way of number of 
consumers, consumption and connected load. In the 
matter of hydro electric output, Madras is second only 
to Bombay. It is hoped that with the commissioning 
of the Kundah Hydro Electric Scheme, Madras will 
lead in hydro electric output. While the bulk of the 
power in Bombay and West Bengal is consumed in 
big industries and urban loads, Madras has built up 
an electricity grid extending into almost all the dis- 
tricts and rural areas. 
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V. P. Appadurai 


Chief Engineer for Electricity, Madras 


Kundah Hydro-Electric Extensions Scheme 


HE INITIAL PHASE OF THE KUNDAH HYDRO-ELEC- 
tric Project is already nearing completion in the 

Nilgiris hills with two power stations having a total 
installed capacity of 180,000 kW. The Project is being 
executed with the generous assistance of the Govern- 
ment of Canada under the Colombo Plan. The Cana- 
dian Government is contributing about 25,000,000 
dollars worth of plant and machinery for the project. 
The Kundah Power House No. | (Canada Power 
House I) came into operation during March, 1960, in 
the presence of the Prime Minister of India. The 
Kundah Power House No. 2 has come into operation 
from October, 1960. The extension scheme now con- 
templated envisages two more power houses, down 
below, utilising the waters of the same river along 
with other tributaries, an auxiliary Power House at 
the exit of the Upper Bhavani Tunnel and additional 
generators in the existing two power houses. The 
total fall in the Kundah river ‘that would be available 
for power generation is about 5333’ of which 3647’ 
drop is utilised in the first two stages now nearing 
completion. The balance of 1686’ is proposed to be 
utilised in two more power houses under the present 
extensions scheme. 

A plan and profile of the scheme is given below: 

The extensions scheme generally comprises 

1. A forebay dam across Pegumbahalla stream. 


2. A low pressure tunnel from Pegumbahalla fore- 
bay dam to Surge tank No. 3. 

3. Penstock lines to Power House No. 3 

generators of 40,000 kW each. 


4. a dam across the river Bhavani at Pillur 


with 3 


Na 


. a power house No. 4 on the down stream side of 
the Pillur dam with one generator of 50,000 kW 
capacity each 

6. erection of an additional penstock line at Kum- 

dah Power House No. | and one more generator 
of 20.000 kw 

7. erection of an additional penstock line at Kun- 

dah Power House No. 2 with one more genera- 
tor of 35,000 kW each 

8. Construction of an auxiliary power house at the 

exit of the tunnel from Upper Bhavani to Ava- 

lanche reservoir with one penstock pipe and 
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One generating unit of capacity 20,000 kW ini- 
tially with space provision for one more pen- 
stock and generating unit of similar capacity at 
a later stage. 

9. Diversion works and storages at Varahapallam, 
Sillahalla, Porthimund, Parsons valley, Kateri, 
Niralapallam and Western catchments. 


10. Erection of two pump houses with small stor- 
ages to pump water from Bangihalla catchment 
and Upper Bhavani catchment below the Upper 
Bhavani dam to the Upper Bhavani Reservoir. 


Principal Structures 

The salient features of the scheme are described 
below: 

Pegumbahalla Forebay Dam : This will be a masonry 
gravity dam, in the Pegumbahalla valley just below 
Power House No. 2 for intercepting the tail race 
water of Power House No. 2 and also the flow from 
16 square miles from its own catchment. The fore- 
bay will have a net capacity of 36 m.cft. The spill- 
way will have 4 numbers crest gates of sizes 24 ft. x 12 
ft. A scour vent 5 ft. x 7 ft. will also be provided. The 
inlet for tunnel No. 3 will be from the lake side tak- 
ing off from the left flank either through a steel pipe 
line or at a short distance on the upstream side of the 
dam. 

Tunnel No, 3 and Surge Shaft : A low pressure tun- 
nel fully lined with cement concrete having a net area 
of cross section of 101.5 sq. ft. will take off from up- 
stream of the Pegumbahalla Forebay on the left flank. 

A control gate near the inlet will be provided inside 
a control shaft located on the tunnel above the MWL 
of the forebay. 

The tunnel will be 32,000 ft. long and is designed 
to carry a peak discharge of 1200 cusecs. It passes 
under the Kundah river where its bed is about RL 
3000 and ends in an underground surge shaft on the 
top of the ridge near Pulikaraipallam valley. A small 
diversion weir will be built across the Kundah river 
at about RL + 2852 and the waters from the free 
catchment of 7.7 sq. miles below Kundapalam will 
be led into the tunnel through an inclined tunnel with 
its mouth at about RL + 2860. The surge shaft will 
be fully underground and lined with concrete. The 
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diversion tunnel from Niralapallam basin will join 
the main tunnel near the surge shaft end. The intake 
of ‘the Niralapallam tunnel will be at a level higher 
than the FRL of Pegumbahalla forebay and lower 
than the top of the surge tank. The idea is that when 
the Power House is closed or partially working the 
waters will flow back through the main tunnel into the 
forebay and in case the control gate at the forebay is 
closed the water will pass over the Niralapallam 
intake weir instead of over the surge shaft (as it is at 
a higher level). Under normal conditions when the 
Power House is working, the pressure water will rise 
into the Niralapallam tunnel and will stand at a level 
corresponding to the Hydraulic gradient at the junc- 
tion of the two tunnels. The Niralapallam tunnel from 
the intake up to this level will function as a flume 
tunnel and as a pressure tunnel. 

Penstocks Ill: A steel or concrete lined tunnel of 
length 1220 ft. and net diameter 11’ 3” will take off 
from the bottom of surge shaft No. 3 up to the mani- 
fold and then branch off into three penstocks each 
78” diameter. Each penstock will be 3660 ft. long 
and will taper down to 66” at the Power House end 
and is designed to carry a peak discharge of 400 
cusecs. There will be butterfly valves at the top and 
rotary valves at the bottom. Each will feed its own 
machine with necessary by-passes. 

Power House No. 3 : The Power House No. 3 will be 
located in the Pulikaraipallam valley which drains 
into the Bhavani river. In the Power House, there 
will be three vertical type impulse turbines of 57.250 
HP each, coupled with 40,00Q kW 11 kV generators. 
The transformer yard will have three 45,000 kVA 11 
kV /230 kV step up power transformers stepping up 
the power to 260 kV. The water from-Power House 
No. 3 will be led into the proposed Pillur reservoir 
across Bhavani through a tail race channel 4020 ft. 
long. 

Pillur Dam ; This will be a straight gravity masonry 
dam, built across the Bhavani river just below the 
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View of IlIrd. Power House Penstock Slopes. 


infall of Niralapallam stream where the bed level is 
+ 1158. The dam will be 266 ft. in height above 
deepest foundation level. The gross capacity of the 
reservoir at FRL + 1400 is 1568 m.cft. and useful 
capacity above minimum draw down level is 1234 
m.cft. The dam will have a scour vent 5 ft. x 7 ft. 
and two penstock pipes 12’ 6” diameter embedded 
in the masonry. Six numbers crest gates each of 32 
ft. x 25 ft. size are provided for the spillway to pass 
the maximum flood discharge of 98,300 cusecs. 
Power House No. 4: This power house will be sited 
on the downstream side of the dam on the left part of 
Bhavani river and will house one unit of capacity 
50,000 kW. The power house will have one vertical 
reaction type turbines of 72,500 HP coupled with 
50,000 kW., 11 kV generator. The power will be 
stepped up to 230 kV through one 56,000 kVA trans- 
former and transmitted to Tudialur to link up with 
the existing grid. The power house will also be con- 
nected electrically to Power House No. 3 through a 
single circuit 230 kV line. The tail race waters will 
discharge directly into the Bhavani river. 


Additional Reservoirs 

Diversion of Varahapallam Basin: A diversion dam 
will be built in the West Varahapallam basin at bed 
level + 7180 with a gross capacity of about 45 m.cft. 
The discharge will be led into the East Varahapallam 
basin through a tunnel 2275 ft. long across the divid- 
ing ridge. A dam across East Varahapallam at bed 
level + 6892 picks up the waters and the regulated 
discharge from the Varahapallam catchments will be 
led off to the Avalanche-Emerald Reservoir through 
an unlined tunnel, 50 sq. ft. in area and 30,400 ft. 
long. The gross storage provided in East Varahapal- 
lam is 120 m.cft. The tunnel will have a control gate 
in a shaft near its entry. 

Porthimund Reservoir: A composite dam will be 
built across the Porthimund river which drains into 
the Pykara reservoir to form a reservoir with a gross 
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capacity of 1200 m.cft. A 2210 ft. long unlined tun- 
nel of 50 square ft. section will lead the waters to 
Avalanche-Emerald reservoir. A discharged pipe is 
also provided in the dam for discharging into the 
Pykara reservoir if necessary. The storage will be 
used as a buffer storage for feeding either of the two 
schemes of Kundah or Pykara according to water 
demand. 

Parsons Valley Reservoir: The Parsons Valley is 
another stream draining into the Pykara reservoir and 
its waters are also proposed to be stored up by a 
masonry dam. The gross capacity will be 444 m.cft. 
and net capacity 419 m.cft. The water will either be 
discharged down the river to feed Pykara reservoir 
or diverted to Avalanche-Emerald through open cut 
and tunnel 5850 ft. long across the dividing ridge. 
This storage will also be utilised in the same way as 
Porthimund, either for Pykara or Kundah. 

Sillahalla Diversion Weir: A small diversion dam 
will be constructed across the Sillahalla with FRL + 
6573 to tap the flows of 15.9 square miles of Silla- 
halla catchment for power house No. |. The water 
will be led into the Avalanche-Emerald reservoir 
through an open cut and an unlined tunnel 12,740 
ft. long. 

Western catchments: Three separate streams with 
catchments of 1.21 square miles, 1.23 square miles 
and 2.06 square miles having a very high intensity of 
rain fall, are proposed to be diverted for power gene- 
ration (and incidentally assisting irrigation also) in 
the Kundah Hydro-Electric Scheme. The first of these 
will be led into the Upper Bhavani reservoir through 
a short unlined tunnel 2860 ft. long. The second will 
be diverted to Avalanche-Emerald reservoir through 
an unlined tunnel 5,000 ft. long. The third will feed 
the Porthimund reservoir through an unlined tunnel 
5750 ft. long. 

In addition to the above, 1.69 square miles of 
Bangihalla catchment is proposed to be dammed by 
a small weir and pumped into the Upper Bhavani 
reservoir. It is also proposed to store the waters from 
1.85 square miles of Upper Bhavani catchment below 
the Upper Bhavani Dam by the construction of a 
small weir and pump the same into the Upper Bha- 
vani reservoir. 

Diversion of Katery and Niralapallam Basin: 11.7 
square miles of Katery Basin which joins the Coo- 
noor river and 20.8 square miles of Niralapallam 
Basin joining the Bhavani just above the Pillur dam 
are also proposed to be diverted for power generation 
at Power House No. 3. The Katery waters will be 
fed into the Niralapallam basin through an unlined 
tunnel of 820 ft. and open cut of 780 ft. long and 
this water as well as the flow of the Niralapallam 
will be led into the tunnel No. 3 near the surge tank 
through a lined tunnel of 13,800 ft. 

Auxiliary Power Station (Power House No. 5): A 
surge shaft and a pipe tunnel will be provided at a 
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Suitable location on the Upper Bhavani Tunnel. It is 
proposed to have two penstocks, one initially and 
the second later, each capable of carrying a peak dis- 
charge of 350 cusecs. The power house will have one 
turbine of 28.750 HP coupled with 20,000 kW 11 kV 
generator. Provision has been made for the second 
one at a later date. The power will be stepped up to 
110 kV and sent to Kundah Power House I for feed- 
ing into the grid. 

Extension to the Existing Power Houses 
Power House No. I: One new penstock similar to 
the existing one will be installed for Plant I and one 
28,750 HP turbine with a generator of 20,000 kW 
will be installed in the Power House No. | with asso- 
ciated step up transformers. 

Power House No. 2: One more penstock (Sth one) 
similar to the one existing will be added to the Power 
House No. 2. One impulse type turbine of 50,000 HP 
capacity coupled to 35,000 kW 11 kV generator will 
be installed in the existing Power House. The Power 
House already erected has space provisions for this 
addition. One power transformer of capacity 42,000 
kVA will be added in the transformer yard for step- 
ping up the power to 110 kV to be fed into the grid. 
Transmission System 

The transmission lines provided for under the ex- 
tensions scheme are as follows: 

1. a 110 kV single line from the auxiliary Power 

House at Upper Bhavani to Power House No. 1 

6 miles. 

2. a 230 kV single circuit line from the Power 

House No. 3 to Power House No. 4—3.5 miles. 
. a 230 kV single circuit line from Power House 

No. 4 to Tudiyalur—21.5 miles. 
4. one 110 kV single circuit line from Tudiyalur 

to Erode—63 miles. : 
. one 230 kV single circuit line from Power 

No. 3 to Power House No. 2—7 miles 

6. other interconnecting lines, switchgear and sub- 

Stations. 

Carrier communication facilities for operation and 

maintenance purposes will also be provided. 
Capital Cost 

[he total cost of the scheme is estimated to be 
Rs. 2305.62 lakhs and the scheme is expected to give 
a net return of 12.13%, from the 3rd year of opera- 
tion. 
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Conclusion 

With the conclusior of this scheme, the Kundah 
river would have yielded 4,25,000 kW of power to 
the Madras State which will go a long way to im- 
prove the economic conditions of the Madras State 
in general. The demand of power is ever increasing 
and it may not be out of place to say that the nuclear 
power generation may be ultimate solution to meet 
the power shortage in our State after we harness all 
the economic hydro-electric resources. 
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FCNHT 6/50 


Independent Tractor Unit for transporting 
transformers and material for use on the 
Kundah Hydro-Electric Project 





FODEN DUMP TRUCKS 


From 7 to 18 cubic yards, as 
supplied to several projects in 
India including the Durgapur 
Steel Project and Upper Sileru 
Hydro-Electric Project. 


a Bacon 


FODENS LTD., ELWORTH WORKS, SANDBACH, CHESHIRE, naa 
Cables . Fodenway Sandbach London Sales Office : 139, Park Lane, W. !. 
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Today, more than ever, the P 
partnership of Brush-Kirloskar Transformers 
is sought in furthering industrial expansion. 
Built for reliable service, Brush-Kirloskar 
Distribution, Power, Mining and Rectifier 
Transformers are in great demand all over India. 


Range: Transformers - from 15 to 3000 kVA, 33 kV, are available 
from the manufacturers or the selling agents 
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S. E. Halme 


Canadian Supervising Engineer for Kundah 


Kundah Hydro-Electric Project 


URING THE PAST YEAR OF CONSTRUCTION ON THE 

Kundah Hydro Electric Project, several import- 
ant milestones have been passed. The first Power- 
house was Officially inaugurated by Prime Minister 
Nehru in March 1960, the synchronous condenser in 
Madras was commissioned in September, the first 
unit at the second Powerhouse was placed into ser- 
vice in October and followed by the commissioning 
of the 230 kV transmission line. 


All these events are the end results of the good 
planning, the hard work put forth in executing these 
plans, ending up when all units at Kundah are com- 
pleted, in addition of some 180,000 kilowatts of power 
to the Madras Grid. 


The first Powerhouse has two generators rated at 
24,000 kVA with provision for a third unit. Controls 
in this plant are automatic enabling the operator to 
open the penstock valve, start up the unit and syn- 
chronize with the operation of one control switch. 
Equipment will be added to operate this plant by 
remote control from Plant 2. 


The second Powerhouse has four. generators rated 
at 42,000 kVA with provision for a fifth unit. A com- 
plete set of protection devices are installed such as 
can be found on any modern plant anywhere in 
Canada. 


The generator voltage of 11 kV at each plant is 
stepped upto 110 kV one double circuit 110 kV line, 
35 miles long was built to supply loads in the Coim- 
batore area. 

At Plant 2, the 110 kV voltage is stepped upto 
230 kV through three numbers of 50 MVA auto 
transformers. A 230 kV line was built from Kundah 
to Madras a total distance of 290 miles. Power is 
tapped off at Salem where a substation was built to 
receive this power. 

The line is single circuit construction using ACSR 
conductors of 795 MCM section, with two overhead 
ground wires to provide lightning protection. 

Single pole circuit breakers of the bulk oil type are 
used on this line. Impedance type of relays are used 
for protection, with a single pole reclosing feature to 
minimize line outages. 
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This 230 kV line will enable the transfer of large 
blocks of power from Kundah to Salem and Madras. 
Plans are already under execution to expand the 
Madras grid at this voltage level. 

Because of the long length of line, a 25000 kVA 
synchronous condenser was installed at the Madras 
end, to provide regulation of voltage between the 
light and peak load periods. This unit is supplied 
with a magnetic amplifier type of voltage regulator. 

In the powerhouses, the generators and turbines 
were installed by the personnel of the Madras State 
Electricity Board under the supervision of the manu- 
facturers representatives. All other equipment includ- 
ing substation and transmission lines were done by 
the Madras State Electricity Board, and they are to 
be commended for their expeditious handling of the 
work. 

Many problems had to be overcome—transport 
from the railhead at Karamadai was a large item. 
New roads had to be constructed and schedules 
maintained to keep the construction in full progress. 


Tests on equipment have been thoroughly carried 
out—probably to a greater degree than is done in 
Canada—this, of course, is to the good, to ensure the 
proper functioning of each piece of equipment. 

Actual fault tests, have been carried out on the 
110 kV lines—further tests are to be carried out on 
the 230 kV lines This is in line with modern engi- 
neering practise. 

Canada’s contribution to this project under the 
Colombo Plan was 25 million Canadian dollars 
worth of plant machinery, penstocks. dam gates, 
valves, generators, turbines, switchgear ancillary 
equipment, power transformers, circuit breakers, sub- 
station structures, transmission line materials, com- 
munication equipment and technical personnel. 


As a Canadian who has had the opportunity of 
spending over a year at the site and working along- 
side the Indian personnel, it has certainly been a 
pleasure to enjoy the friendly relationship with the 
Indian people. All credit goes to the Engineers and 
staff of the Madras State Electricity Board for their 
proficiency in completing this project, which is large 
in any standard, in such a short period of time. 
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Through these strong steel walls of the penstocks water rushes down to the powerhouse 
gaining the velocity and kinetic energy required to whirl the turbines and generate electricity. 
The power that emerges from the hydro electric projects is thus born in the circular walls of 
these penstocks. IHP is supplying these penstocks to almost all major hydro-electric projects 
of India today. 

Every day tons of vital penstocks of various diametres and thicknesses roll off the lines of the 
IHP factory at Hadapsar assuring a continuous supply to meet the requirements of the 
various hydro-electric projects planned in the 2nd & 3rd Five Year Plans. 


THE INDIAN HUME PIPE CO.LTD. 


A WALCHAND GROUP INDUSTRY / Construction House, Ballard Estate, Bombay-1 
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G. T. Arasu 
Superintending Engineer 

and 

B. R. Narayanaswamy 
Assistant Engineer 

Kundah Project 


Kundah Hydro-Electric 
Scheme: Penstock Pipes-II Erection 


HE PENSTOCK PIPES FOR PLANT II, FOR FEEDING 4 
f freer at Plant II initially, and 5 machines 
ultimately have all been supplied under Canadian 
Aid (forming part of Colombo Plan) and the work of 
supplying the pipe (fabrication at workshop and 
welding the seams at site of erection), were entrusted 
to M/s. Davis Ship Building Co., Canada. 
The plates used were special T.I. Steel, having a 
tensile strength (app) 3 times that of an ordinary MLS. 
The Penstock pipes were supplied in Standard 
length of 23’-9”—consisting of 3 shells of 7’-11” each. 
The shipping was done to Cochin Port, in bundles of 
2 or 3 pipes to save space. 


Dia. and Thickness of Pipes and Lengths of Pipes 


There are a total of 14 anchors (inclusive of ter- 
minal Anchor) and the pipes are supplied in dia of 
4’-9” 4’-3” and 3’-9”. the transition change, taking 
place, at Anchor 9 and Anchor 4 respectively. From 
Terminal Anchor to the Spherical valve at Power 
House IT end. the dia. changes to 30”. 

Table T gives the length of the reaches, dia. of the 
pipes, thickness of the shells supnlied The total 
weight of the 4 lines of Penstock including Bend, 
expansion joints and closing pieces is 2780 tons. 

Table 2 shows a general profile of the Penstock TT 
indicating the slopes of the line at each anchor. 


Items of Works on Contract 
The following were the several items of work in- 
volved for the erection of the Penstock Pipes. 

(a) Transport of the pipes from Cochin Harbour 
to Karamadai by Rail. 

(b) Transport from Karamadai to Surge shaft No. 
II site by private contractors’ lorries and trac- 
tor trailors. 


KUNDAH PROJECT SPECIAL II, MARCH 1961 


(c) Unloading the pipe bundles at Surge Shaft No. 
II and along road side. 
(d 


~— 


Denesting the pipe bundles at the road side 
into individual pipes to suit the erection needs. 
(e) Transporting the denested pipes from road site 
upto the gantry yard for loading into haulage 
trucks through the departmental lorry and 
utilising mobile crane etc., for lifting from road 
side to the trucks. 


(f) Transport of the pipes etc., from haulage 
trucks along penstock slopes to the reaches 
concerned. 


(g) Handling from the unloading point to the actu- 
al place of erection, and rough alignment of 
the same. 

(h) Sub-assembly of the pipes, and cleating for 
final check up of the levels (centre line and 
elevations). 

(i) Fixing up of saddle plates for the pipes. 

These generally cover the several items cf work, 
and al! the works mentioned above were awarded on 
contract after calling for tenders, and the rates for 
each of the above operations are as per Table 2. 


Transport of Pipes along Penstock Slopes 

Pipes up to max. 23’-9” in length, of dia. varying 
from 4’-9” to 3’-9” and weights varying from 2 tons 
to 5 tons are transported along haulage and methods 
adopted for tying etc., are as shown in the sketch TI. 
Soon after the pipe is certified ready for transport by 
the junior engineer assistant engineer concerned after 
examination, the pipe is allowed to be taken along 
the haulage and unloading at site is done under the 
supervision of junior engineer foreman in charge of 
transport. 


Soon after the pipe reaches the destination, the 
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Reach 
Terminal Anchor 
to Anchor I. 
Anchor I to Anchor 2 
Anchor 2 to Anchor 3 
Anchor 3 to Anchor 4 


Anchor 4 to Anchor 5 


Anchor 5 to Anchor 6 


Anchor 6 to Anchor 7 
Anchor 7 to Anchor 8 


Anchor 8 to Anchor 9 


Anchor 9 to Anchor 10 


Anchor 10 to Anchor 11 


Anchor Il to Anchor 12 


Anchor 12 to Anchor 13 


Line 


Length of line 


415’-6 3/8” 


396’-2 3/8” 
380’-6” 
368-11 
441’-1 3/8” 
459’—3” 
453’-2 3/8 
483’-9” 
456-7 3/4 
456-4 
456'-1/4” 
455’-8 5/8” 
322’-2” 
321-10 
321'-6 1/4 
321’-2 1/4” 
418-8 
415-10 1/2 
413’-1” 
410-3 1/2 
536’-11 3/8” 
531’-8 1/8 
526’-5 
§21’-1 1/4” 
219-5 1/2” 
217’--2 1/8” 
214-10 1/8’ 
212’-7 1/2 
414’-3 1/4 
340’-8 3/4 
339’-2 5/8” 
339’_11 5/8” 
340’-8 3/4’ 
341’--5 3/4” 


Table 1 


13/16’, 7/8” & 15/16” 
13/16”, 7/8” & 15/16’ 
13/16”, 7/8” & 15/16’ 
13/15”, 7/8” & 15/16” 





Weight of each Total Wt. of 


line 


79 ~~ tons 
74.6 tons 
70.4 tons 
70.0 tons 


3/4”, 13/16”, 11/16” & 7/8” 72.0 tons 


9/16’, 5/8” & 11/16” 


” 


9/16", 5/8” & 11/16” 


1/2” & 9/16” 


7/16", 9/16” & 1/2” 


3/8”, 7/16” & 21/2” 


7/16”, 3/8” & 1/2” 


3/8”, 7/16” 


5/16”, 3/8” & 7/16” 


5/16”, 3/8 
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72.0 tons 
72.00 tons 
72.00 tons 
69.8 tons 
69.8 tons 
69.8 tons 
69.8 tons 
58.7 tons 
58.7 tons 
58.7 tons 
58.7 tons 
73 ~=~«tons 
73 +=‘ tons 
73 ~~‘ tons 
73 ~=«tons 
61 tons 
61 tons 
61 tons 
61 tons 


42.5 tons 
42.5 tons 
42.5 tons 
42.5 tons 
49 tons 
49 tons 
49 tons 
49 tons 
58.00 tons 
58.00 tons 
58.00 tons 
58.00 tons 
25 tons 
25 tons 
25 tons 
25 tons 
45 tons 
45 tons 
45 tons 
45 tons 
35 tons 
35 tons 

5 tons 
5 tons 
2 tons 
32 tons 
32 tons 
32 tons 


four lines 


Remarks 


295 tons 


288 tons 


280 tons 


236 tons 


292 tons 


244 tons 


170 tons 


196 tons 


232 tons 


100 tons 


180 tons 


140 tons 


128 tons 
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Table 2. 
Table 3 
Serial Name of work involved Unit Rate Per 
No. 
Rs. 
1. Transport of the pipes from Cochin Harbour to 
Karamadai by rail. ov id Bundle 81 Bundle By railways 
2. Transport from Karamadai to Surge Shaft II. Ton 0.17 Ton/ Mile 
3. Unloading the pipe bundles at Surge Shaft 2 and 
along road side. oa ae Ses Ton 5.00 Ton 
4. Denesting the pipe bundles at the road sides into 
individual pipe to suit erection needs from a bundle 
of 2 and 3 pipes. Single 7.50 Single 
denesting 
Double 15.00 Double 
denesting 
5. Transporting the denested pipes from road side 
upto the gantry yard for loading into the haulage 
truck. ~ eis a Ton 11.50 Ton 
6. Transport of the pipe from haulage truck along 
Penstock slope to the reaches concerned. Ton 15.00 Ton 
7. Handling of the Penstock pipes from the unloading 
points to the actual place of the erection and rough 
alignment of the same... a Ka Ton 16.00 Ton 
8. Sub-assembly of the pipe and cleating for final 
check up of the levels. (Centre line and elevation). Joint 48.00 Joint 
9. Fixing up of the Saddle plates underneath the pipes 
Each Each saddle 


erected. 
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Sketch 1. 








pipe truck is fastened to the rails by means of chain. 
A wire rope sling is taken round the pipe, suitably 
fastened by “D” Shackle and is held on to an anchor 
block by 2 or 3 men. Another set of wire rope sling 
through a “D” shackle attached to the eye hook 
welded to the pipe is attached to the chain block suit- 
ably located on the slope. With these fastenings on, 
the manilla ropes attached to the pipes, and the ‘S’ 
hooks to the trucks are released. Another set of }” 
wire rope sling is taken 3 or 4 rounds, along the 
centre of the pipe and held on to a rail block or 
anchor block located on the side opposite to the 
direction of rolling. The pipe is then slowly lowered 
by removing the wedges attached to the timber and 
pipe tightening the chain blocks etc. to the required 
extent. The pipe sooner it is lowered, is held on the 
slopes by two sets of independent fixtures of wire 


rope attachment till it is required and released for 
sub-assembly. 

Sketch 2 indicates a typical method of unloading, 
and statement therein, gives the quantities app. re- 
quired for unloading a pipe in a reach of ordinary 
slope up to 20°. At terminal anchor reaches where 
the slope is 34° to 42°, additional precaution are 
taken for lowering the pipes by having 2 more addi- 
tional chain blocks. 


Erection of Bends and Penstock Pipes 
Erection of Bends : 1. The erection of bend pipes at 
Anchors correctly is an essential requirement for the 
perfect erection. 
With the details available for the erection of the 
bend, the bend is slowly moved to position, holding 
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it on to an independent chain block. The bend is at 
first supported on timber supports, suitably packed at 
intervals and alignment to the required height and 
correct centre line got by viewing the centre of the 
bend on the upstream and down-stream with the sight 
rails upstream and down-stream respectively. Special 
jigs capable of adjustment of centre line and eleva- 
tions by screws were specially manufactured at work- 
shops for fixing to the centre of the pipes. Before 
finally aligning the pipes the holding down straps of 
the size and bolts are put in, and concreted, and the 
bends are supported on steel trestles of 6” wide MLS. 
flats suitably bent to shape of the pipe and supported 
on rails out to size. 


The theoretical elevations at the upstream and 
downstream edge of the bend pipes are calculated 
and marked on the substructure. The elevations cal- 
culated, are derived for each particular bend depend- 
ing upon the inclination or slope of the particular 
reach concerned. The drawings indicate the location 
of the intersection point on the shells forming the 
bend, and these should coincide with the I.P. line 
marked on the substructure for correct alignment. 

The final check is done by the Canadian Super- 
vising Engineers. 

Most of the bends received had ovality both on the 
horizontal and vertical direction, the tolerance per- 
mitted was + 1% and these were brought to the cor- 
rect dia. by means of turn buckles, or wooden frames 
fixed inside the bends. 

2. To erect a bend and adjacent pipes, it is essen- 
tial to complete the substructure of the adjacent 
anchors also in addition and correctly fix the LP. 
level. The LP. Levels, in between the two anchors 
therefore fix the alignment of the pipe in the parti- 
cular reach, which are themselves derived from the 
particular elevation of the reach. Sight rails in bet- 
ween the two reaches are then given, which indicates. 
the elevation of the centre of the pipes and also its 
position which are accurately given by Theodolite. 


Erection of straight pipes : Once the bend pipes are 
set in, an concreted, the adjacent pipes of the bend, 
on the upstream and downstream are aligned, with 
respect to the sight rails. The required pipe is as usual 
lowered by means of chain block and raised on tim- 
ber supports and lowered near the pipe to be erected. 
The direction of fixing is indicated by the horizontal 
and vertical marks available on the pipes, as also 
the level on the joint. Two sets of cleats are welded 
on the either horizontal ends of the pipe to be erected 
and already erected and held on together by a set of 
1” draw bolts adjustable with suitable 1” nuts. The 
cleats and wedges are then hammered on the pipes 
at regular intervals, so that there is no off-set on the 
two pipes (i.e. the pipe after erection must be flush 
without any possibility of shear stress coming in). The 
jig is placed at the edge of the pipe and viewed for 


KUNDAH PROJECT SPECIAL II, MARCH 1961 


correct alignment and finally checked by Canadian 
Supervising Engineer. 


A pipe is supposed to be o.k. when there is a uni- 
form gap observed for }’ and wherever there is a 
difference (the gap sometime, as big as }” and over) 
and more than $ the circumference, the pipe is trim- 
med in such places and then realigned, to produce 
after check uniform gap. The pipe is then welded by 
the Canadian welders. 


Oxygen-acetylene burning is usually employed for 
trimming the pipes. Oxygen and acetylene and sepa- 
rately received in special cylinders supplied by M/s. 
Indian Oxygen Company and the full pressure of oxy- 
gen and acetylene cylinders are 1900 Ibs./sq. in. and 
300 Ibs./sq. inch. It has been found from the pen- 
stock pipe assembled on the slopes, that over 70% 
of the pipes assembled required trimming. The con- 
sumption of gas used for cutting, depends upon the 
length to be trimmed and also varies according to 
thickness. The ratio of oxygen and acetelene is 3:1 
and | set of the above, can trim 2 pipes of 5/8” 
thickness over a length of app. 5’ each, or a total 
length of 10’. In terms of surface area, | set of cylin- 
ders can trim pipe of a sectional area of 70 to 80 sq. 
inches and welding currents used is of the order of 
400 amps. Jointing of pipes by revetting, and caulk- 
ing in vogue in Pykara, Moyar projects etc., has been 
recently superseded by the electric arc welding. Goug- 
ing is a process for removing a portion of welded 
metal for getting better adhesion by a combination 
of melting carbon rods at higher amps, ranging up to 
600 amps with compressed air at 100 Ibs./sq. inch, 
and this is usually done 4 times for each pipe. Once 
a place of welding is completed, grinding of burs, 
etc., are also removed by pneumatic grinders readily 
fixed and kept for the purpose. 


The quantity of electrodes used for the welding 
depends on the thickness of the pipes and circumfer- 
ences of the pipes, and on an average 12 Ibs. of 5/32” 
special T.I. steel rods are necessary for 1 pipe of 
5/16” thick at the top reach to 42 Ibs. of 3/16” at 
T.A. reach where the thickness is }”. It takes about 
16 to 32 working hours for completing one seam of 
welding depending on the thickness of the pipe (i.e. 
2 to 4 days). After the welding is completed, the pipe 
is X-rayed for any possible cracks, or pin holes or 
Slag etc., which is revealed in the X-ray result. The 
process of assembly, checking etc., is followed for the 
other pipes. 

An additional check on the correctness of align- 
met is also done by measuring the distance across 
the pipe lines A-B, B-C, C-D etc., which should be 
theoretically 8’-6”. 

Saddle plates are fixed on each of the pipes on the 
piers constructed, and these are supported on to the 
pipes by trestles etc., before the concrete is poured. 
The saddle plates etc., were supplied under Canadian 
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Aid, and welding of lugs and angle lugs were done at 
site. The cost of drilling holes, welding of lugs etc., 
comes to Rs. 17 app. and the cost of electrodes for- 
each saddle plate Rs. 5. The total cost involved for 
getting a saddle plate completed works out to Rs. 22. 


Expansion Joints 
An expansion joint is provided between one anchor 
and another anchor just below the closing piece on 
the Downstream side of the anchor. This is of teles- 
copic type with an outer gland, a slider etc., which 





Penstocks II. 


allows for the expansion and contraction of the ex- 
pansion joints under varying condition of atmos- 
pheric temperature and that of flowing water. The 
expansion joints received were so designed, that at 
the normal temperature of 80° F. the expansion 
joint is 8’-0’. The slider pieces slides over a special 
type of hemp rope packing of 1” sq. 


Testing of Penstocks 

The testing of penstock was done by testing the 
line in three reaches with test heads below Anchor 13. 
Anchor 9, Anchor 4 and Terminal Anchor. The test 
pressure at Anchor 13, Anchor 9 and Anchor 4 was 
respectively 557 Ibs. 823 Ibs. and 1405 Ibs./sq. 
inch. which was twice the static head. The rest of 
the ‘A’ line started with testing the reach between 
reaches anchor 9 and anchor 4 on 20th September ’60 
and the last test on the ‘A’ line below terminal anchor 

Anchor 4 was completed on 8-10-60. 


The pump used for testing was the triple throw 
plunger pump, driven by a 20 H.P. motor with suit- 
able reduction gear. 


The ‘B’ line was tested for above pressure and 
completed in all respects after painting etc., on 
27-12-60. 
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Painting of Penstocks 
The penstocks are painted with 2 coats of anticor- 
rosive black inertol paint on the inside with | coat of 
yellow primar on the outside, followed by 2 coats of 
spray painting with aluminium. 


Welding Equipments 

The Canadian welders started welding with petrol 
driven welding sets. These proved troublesome as 
many of these mobile sets were frequently giving 
trouble. These have since been replaced by the M.G. 
Hobard electric welding sets, and the latter ‘Regent 
rectifier’ welding sets within the permissible drop 
admissible under the LE. act, these electric welding 
sets have proved quite robust, and fluctuation of 
voltage have not had any appreciable effect on the 
performance of the set. 

The tacking of pipes etc. is done by the Indian 
weiders using T.I. Electrodes, with the aid of M.G. 
sets of 320 amps capacity. 

It may be useful in this connection to mention a 
few of the more important equipments necessary to 
cater to pipe welding, working in 8 to 10 reaches. 


1. M.G. or Arc welding equipments 


400 amps to 600 amps range : 8 sets 
2. M.G. or Arc welding equipments 

300 amps to 400 amps range : 6 sets 
3. Welding cable 600 amps capacity 2000 Rft. 
4. Welding cable 400 amps capacity 2000 Rft. 
5. Air hoses }” : 2000 Rft. 
6. Air grinders (pneumatic) 10 Nos. 
7. Air hose coupling, etc. 200 Nos. 
8. Gouging torch. 15 Nos. 


Regarding the erection itself it will be advanta- 
geous to entrust the work to skilled petty contractors, 
known for the experience in the line, and with the 
mechanisation available, it should be possible to erect 
a ton of penstock pipe within Rs. 150/- by way of 
labour charges and Rs. 120/- ton by way of mate- 
rials. 


General 
It has been recognised by the Canadian Supervis- 
ing Engineer, that it would be in the interest of the 
department to train welders in T.I. steel. Recently 
training has been started for a few selected Indian 
Welders on T.I. steel welding by the Canadian 
Welding Superintendent. It is hoped that ultimately 
the Indian Welders will be able to acquaint in the 

jobs of welding on T-I. Steel. 
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A glorious past, a striving present. and 
a future bright with hope—this is India’s 
destiny. As the sands run out and run out 
again, there is a new India emerging. 

To help achieve this transformation, the 
A.C.C. now provides India with 35,00,000 
tonnes of cement per annum and is step- 
ping up production still further. 
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Companies Limited 


The Cement Marketing Company 
of india Limited 


An aerial view of a Chandigarh 


residential area. More than 2,75,000 = 
tonnes of ACC Cement have 
so far been used in Chandigarh 
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acsr “Kundah” 


—the cable that was specially designed as a result of co-opera- 
tive effort between the Madras State Electricity Board, the 
Montreal Engineering Company, Ltd. and the Aluminum 
Company of Canada (ALCAN). This 42/7 ACSR, tailor-made 
to the specific requirments of the circuit linking the new 
Kundah hydro-generating station with Madras, is approxi- 
mately 15% lower in cost than the standard 26/7 design of the 
same size, due to reduction in the steel reinforcement. Further 
savings are effected in the cost of the steel towers by the use of 
the new design. 
ALCAN research is constantly bringing the advantages of the 
light metal aluminium to the world’s industries. 

Agents for ALCAN conductor in India : 
» Associated Electrical Industries (India) Private Ltd. 


International General Electric Co, (India) Ltd. 
(Mysore State Only) 


Ne / 
V/ 
“™' 


ALCAN ASIA LIMITED e Canadian Aluminium for India’s Industry. @ 41 Chowringhee, Calcutta-16 
{An Aluminium Limited of Canada Company) 


AL- 20 


AUC-574 
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K. Sreenivasaraghavan 


Superintending Engineer Technical (Electrical) 
Kundah Project 


230-kV Transmission System 
Under Kundah Hydro-Electric Scheme 


HE FIRST AND SECOND STAGES OF THE KUNDAH 

Hydro Electric Project which have been executed 
simultaneously, thanks to the munificent Aid of 25 
million dollars from the Canadian Government, in- 
volves the installation of 180 mW of generating 
capacity, 40 mW at Plant I (Kundah) and 140 mW 
at Plant If (Geddai). 

Transmission of this bulk power to the northern 
parts of the Madras State and interlinking with the 
thermal station at Madras, is by means of a 230 kV 
transmission line, 287 miles long from Kundah to 
Madras, with an intermediate step down station at 
Salem. This 230 kV line forms the first link in the 
230 kV network planned for the transmission of the 
power that will be generated at Neyveli, the 240 mW 
that will be obtained under Kundah III Stage Ex- 
tensions, and for interconnections with neighbouring 
States. 

The layout of the 230 kV system completed under 
the Kundah first and second stage extensions is indi- 
cated in fig. 1. 

This article deals briefly with the various technical 
features of the 230 kV transmission system, which 
is the first to be in operation at 230 kV, in India. 


Choice of Basic Impulse Insulation level 

The Basic Impulse Insulation of the transmission 
line was determined by consideration of the isokera- 
unic level of 40 to 50 storm days per year, a tower 
footing resistance of 20 ohms, the tower height and 
the configuration of the conductors and double earth- 
wire. This analysis gave a Basic Impulse Insulation 
of approximately 1060 kV. For the substation equip- 
ments a BIL one step lower i.e. 900 kV was chosen, 
considering the dependable and improved perform- 
ance of the lightning arresters. 


Towers 
Waist type towers supplied by M/s. Canadian 
Bridge Co. (with the conductors in horizontal forma- 
tion) have been used on the line with a normal span 
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of 1050 ft. For the middle conductor, double insula- 
tor strings have been used to restrict the swing. 
The towers have been designed for the following 
clearances : — 
(a) Minimum clearance to ground—23’ 
(b) Clearance from live point to tower steel 
work : — 
Normal conditions—6’ 6” 
Swing conditions —-5’ 6” 
The towers have been designed for the following 
safety factors under maximum loading conditions: 
Normal conditions—2.5 
Broken wire conditions—1.5 
The broken wire conditions specified were: 
(a) Suspension towers—one outside conductor or 
one earthware. 
(b) Tension (30° angle) towers—One outside con- 
ductor or one ground wire. 
(c) Dead end towers—one outside conductor or 
one groundwire broken on opposite sides. 
The towers are of galvanized steel and the stresses 
adopted in design are indicated below: 


Medium Silicon steel 
structural used for leg 
steel members only 
CSA Spec. CSA Spec. 
Specification G40.4/1950. G40.6/1950. 
Tensile Strength psi 60000 — 72000 80000-95000 
Yield point minimum psi 33,000 45,000 


Unit stresses adopted in design: 
(a) Tension on nett area & 

bending stresses 24,000 32,750 
(b) Compressive stress on 

gross area:— 


L/R less than 50 19000 25900 
L/R greater than 50 but less 
than 150 24000 — 100 32750 — 136.5 
L/R L/R 
L/R greater than 150 202,000 275455 


Ge) Ga) 








The main details of the various types of towers 
used on the line are indicated in Table 1. All the 
towers are provided with concrete foundations of the 


stepped type. 


Power Conductor 


From the point of view of electrical characteristics, 
the size of conductor initially chosen was 26/.1749 
Al+7/.1360 steel (code used ‘Drake’). Detailed 
studies were then conducted to evolve a more econo- 
mical stranding for an equivalent conductor, in which 
the percentage of steel is less, resulting in a saving 
in the initial cost, though at the expense of reduced 
strength, with the consequences of increased tower 
height, etc. 

The most economical stranding was found to be 
42/.1376” Al+ 7/.0764” steel (code word ‘Kundah’) 
having the following characteristics : — 


Standard Special 
size Drake stranding 
Kundah 
1. Aluminium area 
(a) MCM 795 795 
(b) Sq. inch 0.6244 0.6244 
(c) Copper equivalent 0.393 0.393 
Area of complete 
conductor sq. inch 0.7261 0.6565 


3. Stranding: 


(a) Aluminium 26/.1749” 42 /.1376” 


5. Weight in lbs./foot 1.091 0.858 
6. Diameter 1.108 1.055 
7. Aluminium Coefficient 86% 95% 
8. Maximum loaded tension 10000 Ibs. 7400 Ibs. 
9. Final unloaded tension 

at normal temperature 7725 I|bs. 5263 Ibs. 
10. Maximum sag for 

1050 ft. span 26 ft. 29 ft. 3 in. 


The adoption of the special conductor resulted in: 

(a) 12% saving in cost of conductor, 

(b) Weights of towers practically same, 

(c) Insulators with reduced mechanical strength 

than would otherwise be possible. 

The conductors have been strung to conform to 
the following limiting tensions: 

(a) Initial unloaded tension at 90°F in the plains 
and 60°F in the hills not to exceed 35% of the 
rated ultimate strength of the conductor. 

(b) Final unloaded tension at 90° F in the plains 
and 60°F in the hills not to exceed 224% of the 
rated ult'mate strength. 

(c) Tension under maximum loading conditions 
not to exceed 40% of the rated ultimate strength. 

The conductor was supplied by M/s. Aluminium 
Co., of Canada. Stringing charts were prepared on 
the basis of in‘tial sag and tension charts supplied 
by the manufacturers. 

Compression joints have been used both at mid- 


(b) Steel 7/.13607 7/.0764” 
4. Ultimate strength Ibs. 30900 21050 span and at the tension locations. 
Table 1 
DetTAiLs OF 230 KV TRANSMISSION TOWERS 
Serial o—2° 2°—6° 6°—30° 30°—60 Switching Transposition 
No. Description Suspension Suspension Angle angle & dead tower tower 
tower tower tower end tower 


1. Type of tower 


2. No. of towers used on the 


230 KV line. a 1079 273 
3. Base width os 16’ 16’ 
4. Height to cross-arm 61’ 62’ 6” 
5. Total height of tower af 69’ 69’ 10” 
6. Horizontal spacing between 


, 
conductors ae 20’ 21 
7. Horizontal spacing between 


earthwires a 22’ 24’ 43” 
8. Total weight of tower includ- 

ing stubs—tons os 3.15 3.48 
9. Volume of excavation for 

foundations cft. ‘a 384 726 
10. Volume of 1 : 2 : 4 concrete 

for foundations. eft 130.97 187.89 


we 
to 


Waist type Waist type Waist type 


Waist type Waist type tower Wishbone type 
similar to 6°—30° tower. 
angle tower but 

with modified cross 


arms. 
164 24 2 12 
16’ 20' 16’ 20’ 
53’ 53’ 53’ 62’ 6” (Bottom 
crossarm) 
80’ (top crossarm) 
68" 68" 68’ 88’ 83” 
20’ 2’ 20’ 31’ 
| 9 =e — 
4.03 5.60 4.32 3.81 
1312 2176 1312 650 


364.64 580.52 364.64 216.77 
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The steel core of the conductor is protected against 
corrosion by the application of 
NO—O x ID—Tropic 
grade compound. For the coastal reach, shell corbula 
grease C is used for the protection of the steel core. 


Insulators 


The BIL for the line is 1060 kV for which 13 insu- 
lator discs (10” x 53”) have been used at all suspen- 
sion locations and 14 discs (10” x 5}”) for the tension 
locations. In the 5 mile reach near Madras, 14 discs 
have been used for both suspension and tension loca- 
tions, due to proximity to the coast. 

The suspension clamps are of ‘Low-loss’ alumi- 
nium. The arcing rings and horns are of local make, 
and of 1” aluminium rods. Other insulator hardware 
are of malleable cast iron or other ferrous materials. 


Earthwire 


To provide adequate shielding against lightning, 
two 3” diameter galvanized steel earthwires CSA 
grade 160 are carried at the top of the towers, with 
a shade angle of 30°. The suspension and tension 
clamps of the steel earthwire are bonded to the tower 
steel work by means of flexible copper shunts. The 
earthwire has been strung with a sag of about 10%, 
less than that of the power conductor. 


Earthing 
All towers are provided with G.I. pipe type or 
counterpoise earth. 


Erection 

The first 10 miles of the line from Kundah Power 
House II passes through very difficult and moun- 
tainous terrain. This section was erected by the 
department as also the first 98 miles in the plains 
section. 

The balance of 179 miles in plain country was 
erected by M/s. SAE (India), Calcutta and M/s. 
Kamani Engineering Corporation, Bombay. 


Substations 

The 230 kV line from Kundah Power House II is 
interconnected with the existing Madras grid at 
Salem and Villivakkam. Three 50 mVA autos 230 
kV/110 kV have been provided at Kundah Power 
House II while two 50 mVA autos have been pro- 
vided at each of the substations at Salem and Villi- 
vakkam. 


Layouts and Structures 
The minimum phase to phase clearances adopted 
in the substation layouts are: 


Disconnects as hes a 
A.B. Switches seed es i 
Circuit Breakers ... ee 12’ 
Bus bars ae on 11’ 
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The minimum phase to earth clearance adopted is 
5’ 6”. The minimum height of live point above ground 
level is 20’ 6”. 

Steel structures 29’ to 60’ high have been used at 
Kundah Power House II and Salem, while RCC 
structures 29° to 44’ high have been used at Villi- 
vakkam. 

Bus bars and jumpers used on the 230 kV side 
include : 

(a) 3” IPs Aluminium Tube 

(b) 795000 CM ACSR 

(c) 795000 CM All. Aluminium 

(d) 1192.5 MCM All. Aluminium 

Clamps, T-connectors etc., are generally of heat 
created aluminium castings with stainless steel bolts 
and nuts. 


Circuit breakers 

The 230 kV circuit breakers at all stations have 
a symmetrical breaking capacity of 5000 kVA with 
a continuous current rating of 1200 amps. The total 
interrupting time for the breakers is 3 cycles, with 
an arcing time of 1.3 cycles maximum. 

The breaker tanks are of lenticular shape with one 
tank per phase, containing 1350 gallons of oil. 

Pneumatic operating mechanism complete with air 
compressor, air receiver, control valves, pressure 
switches, etc., is provided for each breaker. For line 
breakers, which require single pole reclosing, an 
individual operating mechanism is provided for each 
phase, while for the transformer group control brea- 
ker at Salem, a common operating mechanism is 
provided for all the three phases. 

The air receiver provided is of adequate capacity 
to eusure 5 closing operations without the compres- 
sor being brought into use. 

The closing time for the breaker is 17.4 cycles and 
the reclosing time 18.3 cycles. The interrupter used 
in these breakers has six breaks in series. Arc inter- 
ruption is by lengthening and splitting it by means 
of port block carriers. 

A low ohmic valve resistor is connected across the 
interrupter to divide the recovery voltage between 
interrupters and to drain off the charge of a capa- 
citance load. 

The breakers are provided with 195 kV class con- 
denser bushings, with O.Ts, for metering and relay- 
ing. 

50 mVA auto transformers 

The 50 mVA 230 kV/110 kV auto transformers at 
Power House II, Salem and Villivakkam are all of 
the core type with graded insulation for the wind- 
ings the BIL being : — 


230 kV terminals py 900 kV 
110 kV terminals ne 550 kV 
Neutral point ion 200 kV 








The core laminations are of high grade grain ori- 
ented, coldrolled steel, with baked on enamel insula- 
tion of sufficient thickness to reduce the interlaminar 
core losses to less than 1% of the total core loss. 
The main windings are of shielded layer construc- 
tion using transposed cable. 

The transformers at P.H. II are of the forced water 
cooled type with 2 external oil to water heat ex- 
changers. 

For the autos at Salem and Villivakkam detach- 
able radiators are mounted on the tank wall (8 radia- 
tors for the auto at Salem and 10 for the autos at 
Villivakkam) with individual fans mounted on these 
radiators (24 fans in all). The fans are driven by 4 
H.P. motor and these are controlled by the winding 
temperature indicators, When the winding tempera- 
ture reaches 60°C the first set of 12 fans comes into 
operation, and when the temperature reaches 70°C 
the second set of 12 fans are switched on. The 50 
mVA autos have a self-cooled rating of 30 mVA, a 
rating of 40 mVA with the first set of fans running 
and 50 mVA with all the fans in operation. 

230 kV and 110 kV condenser type bushings have 
been used, with current transformers for metering 
and relaying. 

The two autos at Villivakkam are provided with 
a Il kV 12.5 mVA tertiary which supplies a 25 
mVA synchronous condenser. 

All transformers are provided with off-load taps 
on the 230 kV side with a total range of 10%. 

The following are some of the important technical 
details of these transformers : 


PH Il Salem Villivakkam 

No load loss 37 kW 37 kW 33 kW 
Full load loss at 75°C 235 kW 199 kW 267 kW 
Percentage efficiency 

at 100 full load 99.53 99.53 99.46 
50°, full load 99.65 99.65 99.63 
Maximum temperature rise 

after continuous run (De- 

sign values) above a cool- 

ing Water temperature 

of 25°C or ambient of 

40°C 
(i) Top oil 36 ¢ 44°C 44°¢ 
(11) Windings 55°C =D al & > a | 
Percentage Regulation at 
100°, rating at: 

Unity PF 095 0.95 1.323 

8 PF 6.95 7.00 8.8 
Weight of core and windings 

(tons) 30.5 30.5 32.5 
Weight of complete trans- 

former with oil (tons) 89.8 100.5 105.8 

Protection 


Directional stopped impedance relays Westing- 
house type HZ 311 with directional overcurrent back 
up relays are provided for protection of the 230 kV 
line against phase to phase and ground faults. 

Carrier transfer trip facilities are provided to 


ensure instantaneous isolation from both ends of a 
section for a fault in that section. 

Single pole single shot reclosing is provided, with 
a reclosing time of about .4 sec. This operates only 
for a first zone fault in any line section. After the 
first single pole reclosure, if the fault persists, all 
three phases are arranged to trip out. 

For the auto transformers, percentage differential 
protection with over-current backup, is provided, 
apart from the usual forms of Buchholz and excess 
winding temperature relays. 


Carrier Communication 
Power line carrier is used for communication and 
relaying in the initial stage with facilities for tele- 
metering and supervisory control at a later date. 
Carrier operation is on the double side band fixed 
frequency system, the frequencies used being: 


Transmitting Receiving 
Station frequency frequency 
Kundah Plant Il To Salem From Salem 
124 kC/S 140 kC/S 
Salem To plant II From Plant Il 
140 kC/S 124 kC/S 
To Villivakkam From Villivakkam 
236 kC/S 220 kC/S 
Villivakam To Salem From Salem 
220 kC/S 236 kC/S 


The total intelligence for the communication chan- 
nel is included in the sidebands I 4 kC/S about the 
nominal carrier frequency, the AF band being sub- 
divided as follows: 

(a) 100 C/S for telephone signalling 

(b) 240 C/S for supervisory control 

(c) 300—-2200 C/S for speech 

(d) 2580 C/S for supervisory control 


(ec) 2770-—3230 C/S for telemetering 
(f) 3450—3950 C/S for telemetering 


For relaying (transfer trip) the transmission of trip- 
ping signals is done on the frequency shift principle. 
During the transmission period of tripping signals 
all other signals are momentarily interrupted and the 
whole modulation depth is assigned to the tripping 
signals. This short interruption is permissible and 
even unnoticeable for speech communication and 
other superimposed channels. The protection system 
being operated by the shift in frequency of an audio 
tone, noise and interferring signals have practically 
no influence on the protection system. 

Phase to phase coupling is adonted for the com- 
munication and relaying. One of the coupling capa- 
citors incorporates a potential dence whose secondary 
voltage is used as reference voltage for synchronising 
purposes. A protective device consisting of a drain- 
age coil, lighting arrester and grounding switch. all 
in parallel is incorporated in the capacitor steel base. 
to protect the carrier equipment and personnel from 
danger through leakage in case of short circuit or 
external flashover of the coupling capacitor. 
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The carrier set is operated off 230 V AC; but an 
emergency generating set is provided to operate off 
a 220 V DC battery, and an automatic changeover 
unit is provided to start the DC motor in case of 
failure of AC supply. 

For communication with repair gangs and patrol- 
men, mobile carrier set, worked off a 12 V battery 
are used. Coupling from the mobile sets to the line 
is by an antenna 60 ft. to 80 ft. long. 


Switches 

Switches are rated for 600 amps. continuous or 
40,000 amps. momentary. The contacts provided are 
of the high pressure self-cleaning type, and without 
any flexible shunts. As group control breakers are 
used both on the 110 and 230 kV sides of the auto 
transformers 600 amps. load interrupter switches are 
provided on the 110 kV side of each unit, for cutting 
out one unit in a bank, when in service The load 
interrupter switch is capable of interrupting a load 
current of 300 amps. at 0.8 PF with a voltage drop 
of 10 kV across one transformer. On the 230 kV side, 
vertical break 230 kV A.B. switches are provided. 


Lightning Arresters 

hese are installed on the 110 kV and 230 kV bus 
at Salem and Villivakkam. At PH II each of the auto 
transformers is provided with lightning arrester moun- 
ted on a bracket fixed to the transformer bank. The 
arresters are of the Westinghouse ‘auto-valve’ type. 

A special pressure relief device is provided, which 
in case the arrester loses its ability to interrupt sys- 
tem power frequency follow current, transfers the arc 
to outside the arrester, thus preventing shattering of 
the porcelain. 

The arresters used on the 230 kV system are of 
195 kV class, with a 60 cycle sparkover value of 350 
kV and an impulse sparkover (AIEE test wave) value 
of 555 kV (Average). 


Synchronous Condenser 

To maintain satisfactory voltage regulation at the 
tail end of the 230 kV line (at Villivakkam) a 25 
mVA synchronous condenser connected to the ter- 
tiaries of the 50 mVA autos is installed there. 

The machine is a horizontal shaft 750 RPM, self 
ventilated, air cooled, indoor type with a rating of 
2.5 MVAR (overexcited) and 12.5 MVAR (underex- 
cited). The machine is designed for a temperature rise 
of not more than 55 C over a maximum ambient of 
45°C. 

Stator cores arc insulated with mica tape and 
impregnated with a thermoelastic compound. The 
windings are connected in star and the neutral point 
is earthed through a 25 kVA 12 kV/120 V—400 V. 
pyranol filled transformer. Twelve temperature detec- 
tors are embedded at suitable points in the stator, for 
measurement of the stator temperature. 

The rotor is equipped with connected damper 
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windings in the pole faces to assist in starting the 
unit. The direct connected exciter is rated for 60 kW 
at 125 volts, with a self-field, two control fields and a 
stabilising field on each pole. The exciter is used in 
conjunction with a WMA voltage regulator which is 
of the all static, non-electric type arranged to control 
the exciter and the machine voltage by means of 
magnetic amplifier circuits. Power supply to the regu- 
lator is by a separate MG set. 

The protective scheme for the synchronous con- 
denser includes : 

Differential relay 

Overcurrent backup relay 

Stator ground fault detector 

Field ground detector 

Over and under voltage relay 

A DC relay to prevent excitation current 

being reversed 

Under frequency relay 

Stator and bearing temperature indicators 

CO, fire protection initiated by the differential 

relay, fire detectors in the condenser pit or by 
separate fire switch. 

For starting the unit 20%, of rated voltage is ap- 
plied through a starting auto transformer. A com- 
pletely automatic system for starting is provided 
which requires only the momentary operation of a 
control switch. Important data regarding the syn- 
chronous condenser are indicated below: 


Intertia constant 1.9 
Losses at 25 MVAR over- 

excited 459 kW 
Leakage reactance 10% 
Direct and synchronous re- 

actance 140% 
Radial clearance between 

stator and rotor 0.45” 
Weight of stator 77500 Ibs. 
Weight of rotor with shaft 102.200 Ibs. 
Weight of complete unit 280,700 Ibs. 


Automatic Oscillograph 

Systematic studies of fault voltages. currents and 
clearing time will be done when the PM 21 GE auto- 
matic oscillograph, is received and installed at Salem 
s.s. This oscillograph is capable of recording on pho- 
tographic paper 21 traces (voltages or currents). The 
switching in of the oscillograph and the recording 
mechanism will be done by means of overcurrent 
relays, with an operating time of 0.004 seconds. 


Conclusion 
The experience that will be gained in the operation 
of this 230 kV system, the first to be operated at 
230 kV in India, should prove invaluable in the 
future designs of 230 kV transmission systems, both 
within the Madras State and for interconnections 
with the neighbouring State. 
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Mettur Tunnel Hydro- 


HE METTUR DAM AND RESERVOIR ARE LOCATED 
i a distance of about 30 miles north west of 
Salem Town in Salem district (between longitude 77 
30 mts. east and 78° east and latitude 11° 30 mts 
north and 12° north). The dam was built across the 
Cauvery river during 1925 to 1934 and is 170 ft. high 
above bed of the river and more than a mile long. 
The reservoir has a gross capacity of 93,500 m.cft. 
at full reservoir level and is mainly intended for irri- 
gation purposes. 

The dam has two sets of irrigation sluices 
high level sluices and the low level sluices. The high 
level sluices have 8 vents—each 10’6” wide and 16 
ft. high. The low level sluices have 5 vents each 7 
ft. wide and 14 ft. high. Besides these sluices, there 
are four hydro electric pipes each 84 ft. diameter 
(sill level—plus 640) and of capacity 4,000 cusecs 
which are used for power purposes under varying 
heads of 60 ft. to 160 ft. These four pipes feed four 
independent generators each of 10,000 kW capacity. 
At present the average irrigation discharge is about 
5 times the average power discharge through the 
hydro electric pipes. The irrigation requirements over 
4,000 cusecs are therefore allowed to flow through 
the high and low level sluices without generating any 
power. The present scheme is planned to utilise this 
irrigation discharge in full for generating power. 


the 


Initially, a scheme report for erection of a Power 
House with an installed capacity of 200 mega Watts 
at an estimated cost of Rs. 1,248.83 lakhs raising to 
Rs. 1,332.12 lakhs at the end of 4 years was sent up 
during November 1957. This was subsequently re- 
vised as suggested by the Central Water & Power 
Commission in February 1959 and a revised scheme 
for the Ist stage of the scheme with an installed capa- 
city of 100 Mega Watt at an estimated cost of 
Rs. 507.78 lakhs rising to Rs. 598.80 lakhs at the end 
of 4 years was sent up for sanction. 

This revised scheme which is included in the 
States’ Third Five Year Plan was sanctioned during 
the middle of 1960 and the preliminary works con- 
nected with the scheme were approved for being 
taken up during the last year of second plan period 
itself. The scheme was then inaugurated by Sri K. 
Kamaraj, Chief Minister, Madras State, on 30th 
August, 1960. 

Il, MARCH 1961 
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Electric Scheme 


Scheme Proposals 

A plan and profile of the scheme is given else- 
where. The scheme comprises the following : 

(1) A leading channel of about 500 ft. in length 
cut in the bed of the Mettur lake terminating 
at the tunnel intake. 

A concrete lined pressure tunnel of 45 ft. dia- 
meter and 1350 ft. long and a surge shaft 200 
ft. deep. 

Penstock tunnels each designed to take pen- 
stock pipes of 21 ft. 3 inch. internal diameter. 


(2) 


—_ 
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— 


A power station initially with two vertical 
Kaplan turbines each coupled to 50,000 kW 
generators with step up transformers. 

A transmission system of 110 kV and 230 kV 
lines to link the new power house with the 
existing grid. 


(4) 


_~ 
wn 
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Principal Features of the Scheme 

Leading Channel & Tunnel : The leading channel 
from the bed of the reservoir will have a bed width 
of 70 ft. near the intake with concrete pavement for a 
distance of nearly 100 ft. It will be gradually widened 
towards the lake side and the bed width will be about 
100 ft. where the concrete pavement commences. 
Beyond this the channel will be cut up to a point 
where the ground level is plus 670 and left. The chan- 
nel will end in an open inlet with a rough screen. 

The tunnel entry from the reservoir intake will be 
located between the Dam and Ellis surplus saddle on 
the left flank and about 600 ft. from the Dam and 
about 100 ft. away from the right abutment of the 
Ellis saddle. A rough screen grill with heavy Rotled 
Steel Joists will be provided at the mouth of the tun- 
nel to avoid any huge floating materials getting into 
the tunnel and choking the waterway. Fine screens 
will however be provided in the surge shaft in front 
of the penstock intake. 

The tunnel will be cut in rock and will be a cement 
concrete lined one of a circular shape. The parti- 
culars of the tunnel are as follows: 

Length of the tunnel 

Internal diameter of the tunnel 


1350 ft. 
45 ft. 
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Thickness of concrete lining 


ranging from 2 ft. to 4 ft. 


Sill of tunnel near intake +645 ft. 
Minimum draw down level 

in the lake 700 ft. 
Sill of leading channel at the 

tunnel entry 670 ft. 
Sill of tunnel near the surge 

shaft +638 ft. 


20,000 cusecs. 
Surge Shaft : The tunnel ends in a surge shaft 200 

ft. deep cut in rock. It is of a semi-circular shape. 

Ihe surge shaft is also a concrete lined one. The 


Maximum discharge 


details of the surge shaft are as follows: 
Length measured at the concrete 192 ft. 
Top of the shaft reservoir level +835 ft. 


Maximum surge level + $31.25 ft. 
Minimum surge level +678 ft 
Bottom of shaft + 628 ft. 
Inside diameter (semi-circular) + 154 ft. 


Penstocks : Initially two penstocks pipes embedded 
in rock tunnel are being laid. Each penstock pipe is 
designed for a discharge of 5,000 cusecs. Two more 
will be added later on. The internal diameter of the 
penstock will be 21 ft. 6 inch. The penstocks will be 
of | inch thick steel plates. Separate inspection gal- 









































° = 
We $0 
4 A 4 VEL + 720 00 Se we AVEUING Wy 
Ye au Pee s meet a 
| PRESENT * 790 00 NATURAL GROUND LINES e | TY P OF LecveE € arte? 83 
- 10P o veL oF Roe Sm 35-00 
jFutue rR + B00 O« cf ~ | ti 1 | ae ~ 
. y 2 Ws ty ) ] 
= f\.- RETAINING WALL a | 4 7 ie n f 1] 
— 7 r ee = {| Hitt S ae ae | | 
2) a — ee ena i = - 
= 7 <A > K. ° w peepee ad Manas ts edd H : 
¢ ~ &Y *, ‘ > { = malas aes + ae = . a> 
ie ala +. os a a oe As WEED capa ae Daa daa veer; oes Ee ee I tne eee ee | == rey 
WwERED eewe “ BUT Iw PEN “ Go "+595-00 
Neon a \\- asamnanr dare | Sat 
EMERGENCY GATE ; 
FINE SCREEN { | 
_-- — 4 +93 —— ee —-- =—— om +m 40 ——— =} j 
yr diatieahideiilnn Racine: 
} 
S 
» 
* 
/ 
/ j 
/ f 
/ 
z 
‘ 
Li LT AT ee Oe ws eee 
38 INDIAN JOURNAL OF POWER & RIVER VALLEY DEVELOPMENT 








' 














leries will also be provided over the penstocks along 
their lengths with an interconnection near the surge 
shaft end. Each penstock feeds individual turbines in 
the power house. 

Power House and Transformer Yard: The power 
station is designed to accommodate two numbers of 
76,000 HP Kaplan turbines each coupled to 50,000 
kW generator. Power will be generated at 11 kV 3 
phase 50 cycles and stepped up to 110 kV for linking 
up with the existing Mettur Power House. There will 
also be a 230 kV step up transformer station for 
transmission at 230 kV to Salem. The transformer 
yard will have initially 2 numbers 55,000 kVA 11 
kV/110 kV transformers and 2 numbers 55,000 kVA 
110 kV/230 kV auto-transformers. Each of the gene- 
rators will be directly connected to its power trans- 
former and operated as an unit system. The transmis- 
sion system will include a very short bit of 110 kV 
single circuit line from the tunnel scheme power 
house to the existing Mettur Dam power house which 
is very closely situated and 25 miles of 230 kV single 
circuit fine from the tunnel scheme power house to 
the existing Salem 230 kV substation. 


Estimated Cost 

The estimated cost of the sanctioned scheme works 
out to Rs. 507.78 lakhs initially rising to Rs. 598.30 
lakhs at the end of the four years. A net revenue re- 
turn of 15.8% is expected from the fourth year of the 
operation of the scheme. 

Present Progress 

The scheme was inaugurated in August 1960 and 
the works are in good progress at the different sites. 
Excavations are in progress at the Power House site. 
surge shaft site and penstock exit sites. It is hoped 
that the equipments for the power station will be 
supplied from Russia on a rupee payment basis. Firm 
orders for the Russian equipments are yet to be 
placed. Taking into consideration the probable deli- 
very period of the equipments, it is expected that the 
power station will come into operation by the begin- 
ing of 1963. 

It is hoped with the completion of this project, the 
power position in Madras State will improve to a 
large extent and enable the department to extend 
power to the nooks and corners of the State. 


WELCOME TO RONNING TOWN 
(Continued from page 12) 


of the stone cutters. I didn’t know there was any other 
civilisation outside the Inka civilization in South 
America where they could cut stones so exactly that 
they needed no more mortar to fit them together And 
I would pay tribute, when I pay tribute to Mr. Appa- 
durai, to those tens of thousands of people who have 
worked with their hands, worked physically to build 
this great project. 

And then I want to mention the name of one Cana- 
dian, Mr. Grandy, who has been with this Project 
from the beginning and I hope will continue until it 


A NEW ELECTRODE FOR MILD STEEI. 
The AEI “Gazelle” 

Associated Electrical Industries Ltd has intro- 
duced a new Class E.217 mild steel welding elec- 
trode, the ‘Gazelle’. The new electrode represents an 
addition to the range formerly known as Metrovick 
electrodes (with names Sylvick, Castivick, etc.). 

The ‘Gazelle’ has been developed to obtain 
smooth and speedy welding: features are high travel 
speeds, longer runs per electrode than with standard 
Class 2 electrodes, and a combination of characteris- 
tics that ensure high quality welds with maximum 
ease of operation. 

Of the non iron-powder, contact type, the ‘Gazelle’ 
is capable of satisfactory operation over very wide 
current ranges; for example, the current range for a 
4-gauge is 190/350 amp. 

Operation is similar to that of iron-powder con- 
tact type electrodes, with an added advantage of 
negligible spatter, and deslagging properties are un- 
equalled in the Class 2 range. 
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is completed. When that day arrives, then I know 
that there would be many Canadians who will want 
to return to India. Yesterday. I had practically deci- 
ded that I would try to persuade my wife to retire. 
with me, of course, at Ootacamund, but today having 
seen Ronning Town, we decided this is the place we 
must retire and I am sure that all the Canadians who 
have worked here and who want to come back with 
their children and their grand-children to live in the 
suburbs of Ronning Town which, when combined, 
will eventually become Churchill City. 


‘Gazelle’ electrodes are approved by Lloyds and 
the Ministry of Transport, and are now available for 
test purposes or for normal demands. 


NEW LARGE ORDER TO A NORWEGIAN 
POWER PLANT 

NOHAB in Trollhittan received recently a new 
order for water turbines to a Norwegian power sta- 
tion, Hunderfossen, situated some miles north of 
Lillehammer. The buyer is Kraftlaget Opplandskraft 
in Oslo. The order includes two turbines which will 
be the most powerful Kaplan turbines in Norway. 
Each turbine will develop 50,000 kW at 45.5 m (149 
ft.—a high head for Kaplan turbines. As is the case 
with most of the large plants, the turbines will be 
equipped with electric-hydraulic governor-actuators 
of the NOHAB-ASEA type. 

The power station will be blasted into the rock 
and is planned to be in operation in the autumn of 
1963. The value is about 6 million Swedish Crowns 
(£68.900). 
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Rural Electrification in Madras 


URAL ELECTRIFICATION HAS BEEN GIVEN CONSI- 

derable importance in Madras State. Madras has 
been leading the rest of the States in the matter of 
number of villages electrified for a number of years. 
There are at present about 10,100 villages and ham- 
lets electrified to the end of November, 1960. The 
growth of rural electrification in Madras State may 
be seen from Table I below: 


Table 1 

Y ear No. of villages electrified 
1935-36 oe 30 
1940-41 740 
1945-46 804 
1950-51 1613 
1955-56 3543 
1960-61 10500 

First Five Year Plan 
In the first five year plan a target of extending 


supply to 250 villages per annum was fixed for the 
composite State of Madras. The actual achievement 
for the Residuary (that is, after the partition of 
Andhra State) was extension of supply to over 1700 
villages which was mainly due to the increased acti- 
vities in the sphere of rural electrification during the 
last two years of the first plan period consequent to 
the Government of India granting a loan of Rs. 3 
crores for this purpose. During the last two years of 
the plan period 1231 villages were given the benefits 
of electricity. 


Second Five Year Plan 

During the second plan period, in view of the con- 
siderable importance attached to rural electrification, 
original target of extending supply to 250 villages per 
annum was doubled. This was subsequently revised 
to 1.000 villages per annum due to the special interest 
of rural population to have the benefits of electric 
power. This target has actually been exceeded during 
the current year and it is now expected that about 
6200 villages and hamlets will derive the benefits of 
electricity during the Second Plan period. 

Out of the total allotment of Rs. 425 crores for 
power development in India Rs. 75 crores has been 


40 INDIAN JOURNAL 


allotted for rural electrification during the second 
plan period representing 18% of the outlay on power 
development. Table II gives the number of villages 
programmed to be electrified during the plan period 
in some of the States. 


Table I 
State No. of villages to be 
electrified 

Madras 5,000 (6,200) 
Assam 29 
Bihar 1,285 
Bombay 700 
Madhya Pradesh 329 
Mysore 700 
Orissa Fat 
Rajasthan 113 
Uttar Pradesh : 235 
Jammu & Kashmir... 79 
West Bengal 365 
Andhra Pradesh fg 9. 
Centrally administrated areas 872 
Total anticipated for all the 

States in India 14,244 


It may be seen from Table II that Madras State leads 
all other States contributing 35%, of the total. 

Table III gives the actual achievements for the 
first four years of the plan period in the Board’s 


area: 


Table Ill 


Year No. of villages electrified 
1956-57 1279 
1957-58 1301 
1958-59 1397 
1959-60 1152 
1960-61 1175 


At the end of 1960, 10,200 towns, villages and ham- 
lets were getting the benefits of electricity. 


Electricity in Agriculture 
At present electricity in villages is used chiefly for 
lift irrigation. About 28°, of the power consumed in 
the State is used up by agricultural pumpsets. There 
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are at present nearly 109,200 pumpsets in the State 
using power from the Grid. 

The demand for power for agricultural pumpsets 
is phenomenal in this State, with more than 1,000 
add‘tional pumpsets connected every month. The 
increased use of electricity for pumpsets can be seen 
from Table IV. With the redoubling of the target in 
respect of villages to be electrified to 1,000 the target 
of connecting up 6000 pumpsets per annum during 
the second plan period was also revised to 10.000. 
The achievements exceed even this enhanced target. 


Table IV 
Year No. of agricultural pumpsets 
connected 
1956-57 12,553 
1957-58 16,956 
1958-59 17,073 
1959-60 a 18,573 
1960-61 (anticipated) 17,000 


In respect of utilisation of power for irrigation, 
Madras State ranks first by way of number of con- 
sumers consumption and connected load. 

With a view to encourage the use of electricity in 
agriculture, the department offer electricity at very 
cheap rates, viz., 7 nP. per unit. They are generally 
considered as essential consumers and new connec- 
tions for agricultural purposes are treated on a prio- 
rity basis as they help to increase the food production. 


Electrification of Harijan Colonies 

It has been decided as the policy of the Board that 
for all new schemes, the Panchayat Board should be 
persuaded to include at least a few street lights in the 
Harijan colony of each village. In respect of villages 
already having supply and in which the Harijan 
collony does not derive the benefits, it was estimated 
that a total sum of Rs. 15 lakhs would be required 
to extend the benefits. Commencing from 1957-58 
the Government of Madras are diverting Rs. 1.5 lakhs 
per annum from the Harijan Welfare Fund as grant- 
in-aid to the Electric'ty Board to extend electricity to 
their streets as a first step to improve their living 
conditions. 


Subsidy for Rural Electrification in Madras State 


In Madras State a rural extension is adjudged to 
be remunerative if the annual revenue over a ten year 
period is at least 10% of the capital cost of the exten- 
sion. It was found that such an extension when added 
on to the existing operating system had not affected 
the financial sources of the system to below its 
interest earning level. With the increased cost for 
materials and equipments it is found that the work- 
ing expenses amount to actually 18.2%. 

If the addition of a rural extension should not 
adversely affect the present position of self-remune- 
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rative aspect, the new extension should therefore give 
an annual return of at least 18% on the capital 
cost. The present figure of 10% return for consider- 
ing an extension remunerative is obviously inade- 
quate. Even to get this 10% estimated return, it is 
more often necessary to obtain special minimum 
guarantee from the consumers. The need for asking 
for special guarantee has, in a way, restricted rural 
development in backward areas though most of the 
applicants are willing to pay the guarantee in a num- 
ber of cases, with a view to get power for agricultural 
purposes. It is thus evident that with the existing 
tariffs, rural extension schemes cannot be self-suffi- 
cient and cannot be formulated without a subsidy. 
This subsidy can be in the form of an outright grant 
to meet the capital either in full or part or an interest 
free loan to meet the short fall of revenue required to 
cover the working expenses including interest. This 
is still under consideration of the Government. 


Programme in Third Plan 


It is programmed to extend electricity to the 
remaining 8000 villages at an estimated cost of Rs. 25 
crores. It is estimated that 75,000 more agricultural 
pumpsets will derive the benefits of electricity during 
the Third Plan Period. 


Conclusion 


Utmost economy is adopted to extend electricity 
to the rural areas and constant efforts are being taken 
to reduce the cost of these extensions. Some of the 
provisions of the Indian Electricity Rules have been 
partially relaxed in the design and construction of 
rural lines with a view to effect economy consistent 
with reasonable safety and ease of operation and 
maintenance. 

It is our intention to extend electricity to all vil- 
lages in the State and electrify each home in every 
village in as short a time as possible. 


SYMPOSIUM ON DESIGN OF HYDRAULIC 
STRUCTURES 

A symposium on ‘Analysis and Design of Hydrau- 
lic Structures’ is proposed to be conducted at the 
Indian Institute of Science, Bangalore 12, in October, 
1961, to provide an opportunity to the designing 
engineers and research workers to meet on a com- 
mon platform for mutual discussions and exchange 
of thought. 

Research workers and designing engineers who 
wish to contribute papers may send the abstracts to 
the’ Professor of Civil and Hydraulic Engineering 
before 30th June, 1961 and the full text by 31st 
August, 1961. Further particulars can be had from 
the Professor of Civil & Hydraulic Engineering, 
Indian Institute of Science, Bangalore 12. 
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(Oli a Orel siadaloltinela: 


Mr. S. E. Halme is the Canadian Supervising Engi- 
neer attached to Messrs. 

Montreal Engineer- | iy 

ing Co. of Canada. He is : 
the Senior Engineer at 
site associated with the 
project from the middle 
of 1959. He is having a 
general supervision of 
the erection of the Plant 
and machinery supplied 
by the Government of 
Canada under the Co- 
lombo Plan aid for the 
Kundah Project. 





Mr. B. R, Narayanaswami is a graduate Engineer and 
is serving the department from 1955 onwards. He is 
now the Assistant Engineer in charge of the erection 
of penstock pipes at Kundah Plant No. 2. 


* Mr. G. Thirunavukka- 
rasu joined the depart- 
ment during 1936. He 
served in the different 
categories in the various 
power projects of the 
State such as Papanasam, 
Pykara Plant Extensions, 
Machkund and Kundah. 
He is now Superintend- 
ing Engineer, Kundah 
hydro electric scheme 
from January 1958. 





Mr. K. Srinivasaraghavan is serving in the Madras 
Electricity Department from 1938 onwards in the 
different categories. As 
Divisional Engineer 
(Electrical) he went on 
deputation to U. S. A. 
under the T.M.C. pro- 
gramme and studied the 
electrical developments 
there for a period of 5 
months. At present he is 
the Superintending Engi- 
neer in charge of the Cen- 
tral Technical Branch 
(Electrical) from May 
1959. 





Mr. V. P. Appadurai joined Madras Electricity De- 
partment during 1932. He rose to the position of 
Superintending Engineer 
of the Technical Branch 
in 1948 and became 
Chief Engineer of the 
Madras Electricity De- 
partment in 1954. After 
the formation of the State 
Electricity Board in 1957, 
he is now the Chief 
Engineer and Technical 
Member of the Board. 
During 1952, he visited 
U. S. A., Canada, U. K. : 
and the Continent under the Colombo Plan Fel- 
lowship Award. During 1956, he went to Canada as 
a member of the Government of India delegation to 
finalise the terms of the Colombo Plan Aid for the 
Kundah hydro electric scheme. He again went to 
Canada during 1956 to finalise the Kundah plant and 
machinery and Germany in 1958 to expedite the des- 
patch of the generating machinery for the Periyar 
Scheme. He made another visit to Canada during the 
end of 1958 to inspect the equipments under manu- 
facture for the Kundah Project. 
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AND NOW AT TROMBAY 


During the quarter century and more of 
Union Carbide India’s operations, the 
Company’s rapid progress has been stimu- 
lated by a spirit of enterprise which has 
constantly sought new fields of industry, 
new areas of endeavour 

And now that spirit of enterprise finds 
its latest expression at Trombay Island 
Bombay where Union Carbide India’s 
new chemicals and polyethylene plant 


was recently inaugurated 


UNION 


CARBIDE 








Built at a cost of Rs. 4.5 crores, the 
Trombay plant of Union Carbide India 
will produce nearly 15 million pounds of 
chemicals and polyethylene worth Rs. 2.5 


5 


crores annually. It will help save Rs 2 
crores in foreign exchange every year by 
manufacturing products which, until now, 
have been largely imported. The Trombay 
plant will be yet another contribution 
from Union Carbide towards the rapid 


industrialisation of India 


UNION CARBIDE INDIA LIMITED 
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HITACHI 
ae 


now completing the first hydraulic turbines 
for Thailand’s Yanhee Project 





~~ 


Shop tests were recently completed on the spiral casing for the first of two 115,000 HP 
Francis-type turbines being completed by Hitachi for Thailand’s Royal Irrigation Department. 
These will be the first of the planned 8 sets of generating units to be installed at the 
downstream of the Bhumiphol Dam, as part of the Yanhee Multipurpose Project which 
will commence operation in 1963 and eventually supply 560,000 kW of power to Bangkok 
and Thonburi. 


The vertical shaft Francis turbines have been designed to deliver 115,000 HP under the 
effective head of 112m and for a speed of 150rpm. Their spiral casings, with inlet 
diameter of 4150 mm, will each be divided into 7 sections for transportation by barge 


up the Ping River to the site. 
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